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Welcome to issue 65! 


It's enough 
to send fear 
and panic into 
even the most 
» laid back of 
individuals: our 
Earth is, one day, going to meet its 
end. Our planet will reach ultra-exotic 
temperatures surpassing thousands 
of degrees Celsius, causing our familar 
terra firma to break down into a liquid- 
rock, while a series of mass extinction 
events will wipe lifeforms from our 
planet's surface. After being cooked 
within an inch of its life, Earth will fall 
into a giant Sun, lost forever, with the 
gas and ice giants becoming the inner 
worlds of our Solar System. 

It's okay though, there's no need to 
worry; none of this is going to happen 
for quite a few billion years from now. 
However, it does make us realise our 
contribution to a runaway-greenhouse 
effect, causing our planet to heat up 
faster than ever, along with our need 
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to get an asteroid-detecting (and 
averting!) programme in place. 

Also this issue, we meet the 
mysterious Great Attractor, a 
gravitational anamoly that's pulling 
the Milky Way and its family of 
galaxies within the Local Group 
in. Have we moved closer to 
understanding it? Do we even know 

what it looks like? Is it tearing dark 
energy apart? We reveal all on page 24. 
You've probably noticed that the 
days are longer now that we are in 
the midst of summer. It's true that 
astronomy is not as easy during this 
time of the year, but it's not impossible 
- we've handpicked the warmer 
month's nebulae, galaxies and clusters 
for you to enjoy with minimum fuss. 
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Colin Stuart 


Weare all made of stardust. 
Butis that all that the dusty 
parts of the universe can tell us? 
Over on page 34, Colin reveals 


everything you need to know 
about the role cosmic dust plays in our lives. 


Nicky Jenner 


Antigravity, the ‘force’ that 
supposedly throws objects 
upwards. But does it exist? 
Nicky heads over to the Large 
Hadron Collider in Switzerland 

to get an update on the search. 


Paul Sutherland 


Paul chats to Lord Martin Rees 
onthe Astronomer Royal's 
suspicions that robot-building 
aliens will take over the 


universe before we do. Join the 
discussion on page 60. 


Stuart Atkinson 


Astronomer Stuart presents 
the must-see nebulae, galaxies 
and star clusters visible during 
the summer. Whether you're 
using the unaided eye ora 
telescope, there's something for everyone. 
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The people behind Amazon 
will soon be launching you into 
orbit! Find out more on page 54 


“We're hoping 
to do our 
first human 
flight in late 
2017 and first 
commerical 
flight in 2018" 


Jeff Bezos, Blue Origin 
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“IT can remember when even the idea of a 
Big Bang was controversial, where as now 
we can talk in detail about the conditions” 


Lord Martin Rees , 
Astronomer Royal , { 
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Our cosmic neighbourhood i is exposed i in all its glory 
»’. - over the European Southern Observatory (ESO)' Ss Very 5; 
' Large Telescope (VLT), in this stunning capture Fa ie: NEN 
|. photographer Petr Hordlek. Mi Ae 
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Hubble spots 
aurorae on 
Uranus 


Combining data from NASA's Hubble 
Space Telescope and Voyager 2 
spacecraft, we have been treated to 
this beautiful view of Uranus, which 
showcases its rings and aurora. 
Aurorae are caused by streams of 
charged particles that come from solar 
winds, planetary ionospheres and 
moon volcanism. These particles get 
caught up in powerful magnetic fields 
and are channelled into the upper 
atmosphere, where their interactions 
with gas particles set off bursts of light. 
The aurorae is observed using the 
ultraviolet capabilities of Hubble, which 
has enabled astronomers to spot 
some of the most intense displays yet. 
By watching the atmosphere, we've 
discovered that the shimmering regions 
rotate with the world over time along 
with the re-discovery of the long-lost 
magnetic poles, which were lost shortly 
after they were found by Voyager 2. 


©ESA; Hubble; NASA; L. Lamy; Observatoire de Paris 


A winter's — 2 ie 
viewofa ~*. | yi, 
Martian crater , 


This impressive shot by the NASA‘s Mars 
Reconnaissance Orbiter (MRO) reveals the 
location of the most impressive known gully 
activity in the entirety of Mars’ northern 
hemisphere. Gullies are active in the winter 
due to carbon dioxide frost, but with northern 
winters being shorter and warmer than 
southern winters, there is less frost and much 
less gully activity. The most recent gullies are 
depicted by the brighter, vibrant ‘false’ colours. 
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- Hubble's birthday 
new view of two 
spiral galaxies 


To mark the 27th anniversary of the Hubble Space 
Telescope's launch, astronomers used the long-serving 
spacecraft to snap a portrait of a stunning pair of 

= galaxies. The newly-shot angle of edge-on galaxy NGC 
4302 and tilted structure NGC 4298 isn't just any old 
image, the pair offers a glimpse of what our Milky Way 
would look like to an outside observer. 

Both galaxies are 55 million light years away, residing in 
the constellation of Coma Berenices in the Virgo Cluster, 
which is comprised of nearly 2,000 galaxies. NGC 4302 
and NGC 4298 were discovered by astronomer William 
Herschel in 1784 and, at the time, were called ‘spiral 
nebulae’, since it wasn’t known how far away they are. 

It was Edwin Hubble who discovered that other galaxies 
exist outside of our Milky Way in the early 20th century. 


©NASA; ESA; G. Bacon; J. DePasquale; Z. Levay (STScI) 
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New view of cane ee — ‘ 
Earth at night a 


This new view of our planet at night provides ¢ 7 
the clearest yet composite sight of the patterns ; ings i 
of human settlement across Earth. One of i 

three new full-hemisphere views, this shot F $y % 

captured by the Suomi National Polar-orbiting ip Saar Tee 


Partnership, or Suomi NPP for short, reveals 
America at night. Clouds and the glint of the 
Sun, which has been added here for aesthetic 
effect, have been derived from the Moderate- 
resolution imaging spectroradiometer (MODIS) 
on board the satellite. 

Ever since the 2011 launch of the NASA- 
NOAA Suomi NPP satellite, NASA's Goddard 
Space Flight Center has been analysing data, 
while developing new software for imagery 
that's clearer, more accurate and readily 
available for studies of our delicate world. 


© NASA Earth Observatory image by Joshua Stevens, using Suomi NPP 
VIIRS data from Miguel Roman, NASA's Goddard Space Flight Center 
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Pale Blue Dot 
between the 
rings of Saturn 


If you're looking for an image to truly put things 
into perspective, then this view from NASA's 
Cassini spacecraft could be it. Between the icy 
rings of Saturn, planet Earth appears as a point of 
light in this image that also features the planet's 
A-ring (top), the Keeler and Encke gaps and the 


F-ring (bottom). During this particular observation, 


Cassini was looking toward the backlit rings, 
creating a mosaic of multiple images while the Sun 
is blocked by Saturn's disc. 

From the perspective of Saturn, Earth and 
the other inner Solar System planets appear 
close to the Sun, and are easily captured in an 
image. However, for the Cassini mission, photo 


opportunities like these have been somewhat rare. 
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§ supernova explosion . 


Using NASA's Hubble Space Telescope, astronomers 
may have uncovered a star that has managed to survive 
the catastrophic explosion of a Type la supernova in our 
neighbouring galaxy, the Large Magellanic Cloud almost 
160,000 light years away from Earth. 

Type la enable astronomers to measure the expansion 
of the universe, which led to the discovery of dark energy. 
While they offer clues to the mysterious side of our cosmos, 


, this breed of star retains a mystique. Do they occur when 


two white dwarf stars collide? Or does a single onegorge on 


Re! gases stolen from a companion star until they burst? 


If it's the latter, then in theory the companion star should 
survive - and astronomers think they may have found the 
culprit for a white dwarf's fiery demise in the form of a sun- 
like star. Further studies are required to know for sure. 

This image reveals the aftermath of the explosion, known 
as supernova remnant SNR 0509-68.7, or N103B. It is an 
irregularly-shaped cloud. The gas in the lower half of the 
image paired with the dense concentration of stars in the 
lower left are the outskirts of the star cluster NGC 1850. 


* 
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© NASA; ESA; JPL-Caltech 
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Universe's ‘cold 


spot’ could be 
evidence for .* 
a multiverse > y 


A new study suggests a 


large cooler region may , 
be due to a collision 
with another universe 


“The Cold Spot 


might be taken as |! 


the first evidence 
for the multiverse” 


Clues for life elsewhere 
could be found ‘within 
few decades’ 


SETI astronomer is confident technological 
advances will eventually yield great results 


A senior astronomer at the 
organisation that coordinates the 
search for extraterrestrial life says 
recent developments could enable 
scientists to find evidence of ‘cosmic 
company’ within a few decades. 
Seth Shostak, who works for the 
SETI Institute, reckons advancements 
in technology means the chance of 
finding life has increased, especially 
now that we can ascertain there are 
roughly 100 billion planets in the 


Milky Way and 2 trillion other galaxies 


within the observable universe. 
Speaking before the US House 
Committee on Science, Space and 
Technology, he claimed it would be 
possible to survey at least a million 


12 


star systems over the next 20 years. 
“I bet everyone a cup of coffee that 
we will find something,” he quipped. 
It would have a “profound impact on 
society,” he added. SETI will seek to 
study multiple star systems at once 
using advanced computer capability 
and use machine learning. 

SETI wants to study the TRAPPIST-1 
system, which is a red dwarf star 
orbited by seven planets similar in size 
to Earth. "At least three... could have 
environments conducive to biology,” 
he said. “That means if life has sprung 
up on any of these worlds, it has 
migrated to some (or all) of the others.” 
He believes signs of communication 
would be evidence of potential life. 


Li 


TRAPPIST-1 may yet 
hold the greatest clues 
for life away from Earth 
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The Cold Spot is more populous 
than originally envisioned, 
opening up fresh possibilities 


Scientists have come up with a 


Anew study of dark matter's 
properties using data from NASA's 
Chandra X-ray Observatory seems to 
be shedding new light on it with some 
scientists now describing it as ‘fuzzy’ 
and quite ‘excited’. 

While such terms may not appear 
to be overly technical, it is believed to 
be the best way of explaining how the 
matter clumps together in galaxies. 
The research has sought to figure why 
the density of both dark and normal 
matter in the centre of galaxies is more 
evenly spread out than under the 
established ‘cold dark matter’ model. 

Such a model posits that the density 
of dark matter should be higher in the 
centre of galaxies than in surrounding 
regions because normal matter is 
attracted to it, thereby forming a strong 
central density peak. It also suggests 
that there should be a higher number 


of small galaxies orbiting around the 
Milky Way - yet that doesn't seem to 
bear out in astronomical observations. 
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A strange anomaly, which causes a huge expanse 
of space to be cooler than its surroundings, could 
be the first evidence that our universe is one of 


many. Researchers at Durham University have been 


studying the cosmic microwave background (CMB). 
Most areas of the sky have been found to have an 
average temperature of 2.73 degrees Celsius above 
absolute zero - except for an expanse 1.8 billion light- 


years across that is cooler by 0.00015 degrees. Yet by 
showing there are just as many galaxies in this spot 
as in other areas and that the location behaves much 


the same as the rest of the universe. 

One outside potential is the Cold Spot happened 
by chance. Prof Tom Shanks, who led the research 
along with postgraduate student Ruari Mackenzie, 
says this cannot be entirely ruled out despite the 
odds being 1 in 50, based on the standard model of 
the universe. But if that is found not to be the case, 
then other possibilities have to be considered. 

“Perhaps the most exciting of these is that the 
Cold Spot was caused by a collision between our 
universe and another bubble universe,” Shanks 
says. “If further, more detailed, analysis of CMB data 
proves this to be the case then the Cold Spot might 
be taken as the first evidence for the multiverse.” 

The latest study analysed galaxy redshift of 
7,000 galaxies using high-resolution data from the 
Anglo-Australian Telescope and it is said to be rather 
accurate. It was a comprehensive survey, which 
found that the Cold Spot is actually split into smaller 


voids that are surrounded by clusters of galaxies - a 
soap bubble structure that is in line with the rest of 
the universe. “There is the possibility that some non- 


: standard model could be proposed to link the two 
in the future but our data place powerful constraints 
on any attempt to do that,” says Mackenzie. 


Dark matter could be fuzzy 


By assuming dark matter is made 
up of extremely light particles, 
however, each with a mass some ten 
thousand trillion trillion times smaller 
than an electron, the scientists say its 
wavelength of light will be 3,000 light 
years long. Waves of different particles 
would overlap and interfere with 


Dark matter cannot be 
directly observed but 
astronomers are convinced. ~ 
it makes up 85 per cent of 
the observable universe 


‘ 


each other, preventing strong peaks 
at the centre of galaxies and leading 
to a potentially ‘fuzzy’ appearance. 
In larger galaxies, they say the dark 
matter particles would have different 
amounts of energy. This makes them 
excited. Such a conclusion appears to 
agree with the observed data. 


new way of describing this mysterious substance 


e eo. 
in Brief 
Earth's hot springs 
could assist in hunt 
for alien life 

Microbial life within the hot springs 
of Yellowstone National Park are 
showing how chemosynthetic 
microorganisms can tolerate 
extreme environments which are 
high in temperature and pressure 
and low in nutrients. Since this is 
the kind of environment expected to 
be hidden under the surfaces of icy 
moons such as Europa, research like 
this will help us to understand how 
extraterrestrial life may exist there. 


Discoverer of Ring 
Nebula identified 

The Ring Nebula, 2,000 light 
years from Earth and beloved of 
amateur astronomers, is understood 
to have been first discovered in 
the 18th century by the comet 
hunter Charles Messier and not his 
contemporary Antoine Darquier 

de Pellepoix as it was once 
thought. The revelation came to 
light following a re-evaluation of 
historical observation notes. 


Mars suffered two 
bombardment periods 
Scientists at the Southwest Research 
Institute and the University of 
Arizona have found that Mars 
experienced two separate periods of 
asteroid and comet bombardment 
400 million years apart. One large 
crater - Borealis - was found to be 
almost as old as Mars itself, during a 
life-enhancing bombardment - while 
others date back to the more recent 
Late Heavy Bombardment. 


Viability of amino 
acids in alien 
environments probed 
Astrobiologists are assessing 
whether any amino acids could have 
survived in harsh extraterrestrial 
environments and remained stable 
enough to become building blocks 
for life. The team at Valparaiso 
University in Indiana hope to 
identify structural characteristics 
that make certain amino acids 
more stable by subjecting them to a 
variety of extreme conditions. 
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Cassini's fateful dives uncover 
some pleasant surprises 


The satellite is embarking on its grand finale but it’s job is not yet over 


The new laser could prove useful as a 
key tool in tackling space junk 


Scientists 
recreate Star 
Wars’ Death 
Star laser 


They've figured how to 
develop an amplified 
laser using a diamond 


As any fan of Star Wars will know, the 
Death Star is capable of firing a single 
superlaser that could destroy a planet. 
But, as if to prove science-fiction can 
easily become scientific fact, a group 

of researchers have worked out how to 
combine several small laser beams into 
a single powerful beam for real. 

Scientists at Macquarie University in 
Australia have made use of an ultrapure 
diamond, placing it at the point of 
convergence of numerous laser beams. 
The effect is a transfer of power into 
a single beam, which can be directed 
at an intended target. It's hoped that 
this could be used to deflect small 
asteroids or propel small space vehicles. 
“Researchers are developing high power 
lasers to combat threats to security 
from the increased proliferation of low- 
cost drones and missile technology,” 
Professor Mildren explains. 

The technique is effective because 
diamond facilitates a strong power 
transfer effect called Raman scattering, 
which is when molecules are dispersed 
and excited to higher vibrational or 
rotational energy levels. They also avoid 
beam distortion and overheating. 

“This discovery is technologically 
important as laser researchers are 
struggling with increasing power 
beyond a certain level due to the large 
challenges in handling the large heat 
build-up and combining beams from 
multiple lasers is one of the most 
promising ways to substantially raise 
the power barrier,” says research lead 
Aaron McKay. 
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NASA's Cassini spacecraft has been 
throwing up some pleasant surprises 
as it embarks on a series of 22 dives 
between the rings of Saturn and the 
planet itself. The satellite, which is in 
the final few months of its extended 
mission, has taken some detailed 
images of Saturn's north pole that 
have caused jaws to drop. It has also 
pictured nearby clouds with odd 
structures that astronomers are keen 
to learn more about. 

Scientists have also discovered 
that the region between the rings and 
Saturn is empty by listening for the 
sounds of its passage as it made its 
way down. Despite assumptions 


that there would be fragments of rock 
or ice which could have collided with 
the satellite as it made its suicidal 
dives, there was largely silence. They 
are now keenly trying to figure why 
the dust level is so puzzlingly low. 
More findings are expected over 
the coming months before Cassini's 
mission officially ends on September 
15. The unmanned spacecraft 
has been circling the gas 
planet for 13 years, 


having reached its orbit in 2004. 
With fuel now low, it started to make 
its final orbits on 22 April. It will 
eventually destroy itself when it dives 
into Saturn's atmosphere. 


The end is near - but 
scientists are making 
the most of Cassini's 
numerous suicidal dives. 


www.spaceanswers.com 


GREAT AMERICAN ECLIPSE 21st August 2017 


URL: www.educationharbour.co.uk 


We Will Keep You Safe ys 


Available in Standard and XL frame sizes on AMAZON / EBAY or DIRECT EDUCATION 
www.educationharbour.com 0800 756 9788 


NASA is running out of spacesuits 


American space agency hits problems despite $200 million investment 


Astronauts conducting tests . y = 
on a representative model 
of the Orion spacecraft 


Wh, 


Eps Eri has a similar architecture to our 
Solar System during its early history 


Nearby star 
could be home 
to young version 
of Solar System 


Ten light years away, Sun- 
like Eps Eri could reveal 
new information about our 
solar neighbourhood 


NASA's SOFIA aircraft, a 747 loaded 
with a 2.5-metre telescope, has recently 
confirmed that a nearby planetary 
system has an architecture similar 
to our Solar System during its early 
history. Furthermore, measurements 
reveal that a planet with almost the 
same mass as Jupiter circles star at a 
distance that's not too dissimilar to 
Jupiter's distance from the Sun. 
Resting 10.5 light years away the 
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NASA is unlikely to have new flight- Although William Gerstenmaier, Yet the report suggests it won't be location to research how planets form os 
ready spacesuits available for many NASA's chief of human spaceflight delivered until March 2021. Only five around main sequence stars. 8 
years despite having spent $200 programs, says the damning months before the agency’s current “The high spatial resolution of SOFIA 3 
million on their development over report is “overly critical’, there's no internal launch date of August 2021 combined with the unique wavelength = 
the past decade. The space agency's getting around the potential for for its first crewed mission beyond coverage and impressive dynamic » 
auditor says the lack of a formal plan embarrassment. The Orion Crew low Earth orbit, that will be cutting range of the FORCAST camera allowed = 
and specific destinations for future Survival System (OCSS) flight suit is it rather fine. The report also claims us to resolve the warm emission Se 
missions has complicated spacesuit created to be flexible and allow the NASA would even face problems if it around Eps Eri, confirming the model g 
development. The issue is threatening wearer to withstand both temperature decided to use its existing inventory that located the warm material near 3 
NASA’ plans for deep-space and vacuum extremes in space. It is of suits since it is simply running the Jovian planet's orbit,” says Kate Su y 
exploration since the current famous set to protect astronauts from fire, out. This would be keenly felt if the of the University of Arizona. “It really & 
as; 

white suits were never designed for smoke and toxic chemicals, replacing ISS's program was extended for a is impressive how Eps Eri, a much S 
. A ey : v o) 
working on planetary surfaces such as equipment that dates back to the era further four years beyond the habitat's younger version of our Solar System, is = 
that of Mars. of the Space Shuttle. intended retirement in 2024. put together like ours.” 6 
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Red giant Sun @ 
The expansion of the 
Sun during its red giant 
| ll see it swallow 


~<a 


= 


@ Thedangers of solar flares 
Earth will have little protection 
against the highly energised 
particles in these huge coronal 
ejections, but they will also 
significantly reduce the overall 


mass of the Sun. 


Last vestiges of water? @ 


As surface temperatures 
continue to rise, the last 
vestiges of Earth's oceans 
will rise into space, speedily 
broken up into Hydrogen and 
Oxygen in the solar wind. 
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@ A fragment of the Moon 
Earth will likely meet the surface 
of the red giant Sun alone, its 
lunar companion long since 
disintegrated into debris which 
would eventually fall to Earth. 


The weathering of rock @ 
Increasing temperatures 
will speed up the chemical 
processes leading to further 
erosion of silicate minerals td 
and a continuing increase 
in carbon dioxide in what 
remains of the atmosphere. 
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Earth's last day’ 


Apollo 17 may have been the 20th century's final 
manned mission beyond Earth orbit, but its crew 
left us with one very public legacy - the iconic ‘Blue 
Marble’ image of planet Earth which, during the last 
45 years, has become one of the most reproduced 
images in human history. 

That's barely a pinprick when compared to 
the history of life on Earth as a whole: when you 
consider that the first ‘living’ molecules appeared 
some 3.8 billion years ago and that, by current 
estimates, the last of which are likely to disappear 
from existence around 3 billion years from now, 
we're still pretty much the new kids on the block. 

Perhaps that explains our insecurity as a species, 
and why we have spent so much of our recorded 


history predicting the end of the world as we know 
it - or, at least the end of humanity's time on Earth! 
Even now, in 2017, cosmological events including 
totally predictable eclipses are taken by some people 
as evidence of an approaching Armageddon, and any 
new scientific advancements the Rapture. 

Yet few scientists would suggest that our 
home will always be the beautiful ‘Blue Marble’ 
photographed by the Apollo 17 crew in 1972. Even 
assuming that we Homo sapiens manage to hold 
out for significantly longer than most mammalian 
species on the planet have done so (say a few 
hundred million years), the small rock that we call 
home will inevitably become quite a different place 
during the next few billion years. 


“Admittedly, that’s barely a pinprick when 
compared to the history of life on our Pale 


Blue Dot as a whole” 


Timeline of our 
planet's fate 


_ Predictions are never easy, 
but what is the likely route 
to the Earth's demise? 


_. Anoasis for life 
- Earth is the most 

fertile spot in the 
known universe, 

-with a protective 
atmosphere and 
liquid water in 
abundance. 
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Alarge asteroid 
strikes a populated 
area of Earth, 
causing devastation 
over a wide area 


* three quarters of Earth's plant and animal species 


In the much-quoted end to his poem The Hollow 
Men, T S Eliot suggested that the world will end 
“Not with a bang but a whimper.” In truth, it could 
be either - if by ‘bang’ you mean an unexpected, 
catastrophic event that comes ‘out-of-the-blue’, 
contrasted with the ‘whimper’ of the passage of time 
and ongoing natural evolution. Either could cause 

. existence-threatening devastation at a global level, 
but clearly take place over different time scales. 

Certainly, there's evidence suggesting that 
numerous ‘bangs’ have already happened, even 
during the planet's relatively recent geological 
history. Most famously, there's the Chicxulub 
impactor, the comet or asteroid now generally 
believed to have triggered the mass extinction of 


- including non-avian dinosaurs - at the end.of the 
Cretaceous period. 

The Chicxulub impactor is estimated to have 
been under ten kilometres (three miles) in diameter. 
There are plenty of comparable objects in the Solar 
System but, while none are seen as an immediate 
threat to our planet, there's still the chance that 
even ‘safe’ near-Earth objects will have their orbits 
dangerously deflected in the future. This isn't just 
in the short-term either; some 1.4 million years in 
the future, the star Gliese 710 will pass within 1.1 
light years of the Sun. It’s been predicted that this 
will lead to a five per cent increase in the number 
of objects, originating from the gravitationally 
disturbed Oort cloud, that are likely to hit the Earth. 
Indeed, the gravity of any massive object - a star, 
large planet or black hole - could prove catastrophic 
if it came sufficiently close to the Solar System. 

Nor is it just asteroids; back in 2008, two 
computer simulations of long-term planetary motion 
in our own Solar System - one by Jacques Laskar 
of the Paris Observatory, the other by Konstantin 
Batygin and Gregory Laughlin of the University of 
California - suggested that Jupiter was still enough 
of a gravitational bully to potentially pull innermost 


- Wolf-Rayet star WR 104 would have 


exploded, killing life on Earth 

Part of a binary star system 8,000 light years from 
Earth, WR 104 and its companion are expected 

to turn supernova within the next few hundred 


"+ thousand years. Depending on WR 104's axis of 
* rotation, any resulting gamma ray burst could be 


aimed at Earth. 


Earth will be hit by an asteroid 1 km wide 
Earth has been hit by an asteroid up to 1 kilometre 
(0.6 miles) in diameter roughly once every 500,000 
years, leading to damage on a potentially global 
scale. Given sufficient advanced warning, however, 
it's surely likely that the space technology needed to 
divert such asteroids could be developed, regardless 
of cost: 
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Earth's last day 


Aconceptual image of ~ 
the energetic radiation 


The Sun swells into a red 


giant, swallowing Mercury, 
Venus and now Earth, too 


Extinction of plants ‘and animals, mainly 
due to human activity — 

Extinctions are an arguably inevitable aspect of life, 
with a predictable underlying rate against which 
major extinction events (including human-influence) 
are contrasted. By this point, most species will have 
become extinct, resulting in a perilous future for any 
new evolving species. 
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from a gamma ray 
burst hitting Earth 


Asteroid hits Earth, similar in size to the - 
asteroid that wiped out the dinosaurs 

An asteroid comparable to ‘the one which wiped out 
the dinosaurs’ hits the Earth, the shock waves and 
debris thrown into the upper atmosphere causing 
massive climatic change around the entire globe 


_ - assuming, of course, that it wasn't detected in 


sufficient time to either destroy it or deflect its path. 
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Orbit of Earth becomes unpredictable 
Lyapunov time is the period after which it's no 
longer possible to accurately predict the movement 
of elements in a chaotic system. Named after the 
Russian mathematician Aleksandr Lyapunov, this 


" -+is when the cumulative effects of small chaotic 


factors in-the Solar System currently make accurately: 
predicting Earth's orbit impossible. =~ - : 
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Earth's last day’ 


Acharted Earth, 7 
billion years from 
now, circling a red 
giant phase Sun 


planet Mercury out of its current elliptical orbit and 
throw it into a collision course with Earth. Other 
possible fates for the small planet were colliding 
with Venus, crashing into the Sun, or being ejected 
from the Solar system altogether. 
Before you get too worried, however, these 
models also suggested that there was only a 1 per 
. cent chance of Mercury going for a wander before 
the Sun bloated in size sufficiently to swallow it 
up in a few billion years; However, given the global 
consequences of the Chicxulub impactor, it's clear 
that nothing would survive the impact of a body 
some 4,879 kilometres (3,032 miles) in diameter. 
The last time anything on that scale happened - the 
hypothesised Mars-sized body astronomers call 
* Theia hitting the Earth, some 4.5 billion years ago - 
the resulting debris was sufficient to form the Moon! 
Scientists have also suggested a range of more 
distant cosmological events which could prove 
equally disastrous: from increases in cosmic.dust, 
impacting on comets and asteroids and leading 
to increased matter falling down on Earth, to a 
statistically rare - but decidedly possible - gamma 
ray burst from a nearby (at least in astronomical 
terms) supernova. Or, if that’s not big enough a 
threat, a super-luminous supernova - also known 
as a hypernova - which is ten or more times more 
powerful than the standard variety. 
Some scientists have suggested that just such 
a hypernova within our own Milky Way Galaxy 
caused the third-largest extinction seen in Earth's 
history, the Ordovician-Silurian Extinction Events 
which led to the loss of about 85 per cent of all 
species between 443.8 million and 440.8 million 
years ago. The theory is that a sufficiently powerful 
and long burst of gamma rays hit the Earth, 
stripping away at least half of the ozone from 
Earth's atmosphere and exposing surface-dwelling 
life (including everything responsible for planetary 
photosynthesis) to dangerously high levels of 
ultraviolet radiation. 


Nearby gamma-ray burst or hypernova 


f strips Earth's ozone layer 


This is the estimated time by which a gamma ray 
burst from a supernova or hypernova located within 
6,500 light years of Earth will strip away much 
of the Earth's ozone layer, potentially triggering a 
mass extinction. This assumes, however, that the 
supernova burst will be precisely aligned with Earth. 
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- Sun's increased luminosity affects Earth 


Energy levels from the.sun begin to unbalance the 
carbonate-silicate cycle, which sees the increased 
trapping of carbon dioxide in carbonate rocks. Rocks 
harden causing plate tectonics to slow and eventually 


a stop, while falling carbon dioxide levels lead to the 
* extinction of all plant life reliant on C3 photosynthesis 
(plants that use the Calvin cycle to fix carbon dioxide). 


Earth's surface temperature reaches 47- 
degrees Celsius 

With an average surface temperature of 47 degrees 
Celsius, the runaway evaporation of the Earth's 
oceans will create a ‘moist greenhouse’ atmosphere, 
with a proportion of the water vapour reaching the 
stratosphere and beyond where sunlight will split it 
into its:constituent atoms, the hydrogen lost to space. 


www.spaceanswers.com 


But what about the ‘whimper’? We know that 
the Earth has undergone significant climate change 
during its existence, including numerous glacial 
ice ages and potentially at least one period, around 
650 million years ago, when all the oceans were 
covered by ice - the so-called ‘snowball Earth’. A 
‘severe change-in our existing environment - hotter 
or colder - could yet undermine human civilisation. 
Yet, even abrupt changes in the global climate 
regime are likely to pale in comparison to the 
natural evolution of our nearest star. The Sun which 
gives us life is just as equally likely to end it! 

James Lovelock is best known for the ‘Gaia 
Hypothesis’, which he developed with support from 


microbiologist Lynn Margulis in the 1970s; this 
proposed that the evolution of our environment 
and all life on Earth is part of a large, generally 
self-regulating physiological system. This even 
included some form of climate control, which 
Lovelock suggested had ensured the maintenance 
of an “equable climate” since life had began. Yet" 

as far back as 1982, in a scientific paper written 
with Michael Whitfield ofthe Marine Biological . 
Association, Lovelock had considered ways in which 
levels of the greenhouse gas carbon dioxide had 
helped planet Earth to so far resist the warming 
tendency of the Sun. It was.a system that Lovelock 
suggested might be in danger of breaking down. 


“Earth has undergone significant climate 
change during its existence, including 
numerous glacial ice ages” 


How Can we... 


..avoid an asteroid impact 
The Minor Planet Center in Cambridge, 


Massachusetts, has been cataloguing asteroid and 


comet orbits for 70 years. Proposed strategies 
involve breaking up asteroids so they burn up 


harmlessly in the atmosphere, or delaying/speedin 


up arrival times to miss the Earth. 


Earth's magnetic field shuts down 

The freezing of the Earth's outer core shuts 

down the Earth’s magnetic field, with drastic 
consequences for any remaining life, as there is 
nothing to deflect the DNA-damaging, potentially 
deadly cosmic rays and solar wind. The latter would 
also strip away any remaining atmosphere, leaving 
the surface totally defenceless. 
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...escape an expanding red giant Sun 

If we could push Earth just a little bit further out 
from the Sun - an additional 15 per cent, say - it's 
been suggested that it would definitely survive the 
furthest reach of the Sun's expansion into a red 
giant, although it still wouldn't be a viable place on 
which to grow crops. 


Entirety of Earth reaches 149 

degrees Celsius 

By this point Earth's environment is hostile to any 
multicellular life, but when global temperatures - 
even at the poles - reach an average of 149 degrees 
Celsius, the last remaining unicellular life on the 
planet - in isolated refuges such as high-altitude lakes 
or cold-trap caves - can no longer survive. 


Earth's last day 


Spiral structure around R Sculptoris, a red giant star 
1,500 light years from Earth 


..avoid a runaway greenhouse effect 

In the long term, this looks unavoidable; once the 
Sun's luminosity overtakes Earth's ability to dissipate 
absorbed radiation into space - from 1 to 3 billion 
years from now - temperatures will steadily rise until 
most of Earth's oceans evaporate into water vapour, 
helping raise temperatures further. 


© Tobias Roetsch 


Moon becomes unstable, Earth's polar . 
becomes chaotic and extreme . ’ 

The Moon has long been moving away from Earth - at 
roughly 4 centimetres (1.6 inches) ‘a year - but this is 
the point at which it is sufficiently distant to no longer 
effectively influence the Earth's axial tilt, resulting in 
the planet's true poles increasingly ‘wandering’ as its 
spin becomes less stable. ef 
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Earth's last day 


The birth and death 
of the Sun, from gas 

_ cloud to collapsed 
white dwarf 


This illustration shows 
the comparison between 
our current Sun (yellow) 
and its future as ared 
giant 256 times the size 


“The fading energy will no longer be 
enough to hold back gravity, meaning the 
core of the Sun will begin to shrink” 


Compared with when it first started to shine, the 
Sun we see in the sky today is thought to be about 
30 per cent brighter, thanks to 4.5 billion years 
worth of hydrogen in its core being converted into 
helium via nuclear fusion; the heavier element has 
increased the pressure at the Sun's core and heated 
up the rate of the nuclear reactions, so it shines 
much more brightly. 

Currently accepted theories about the evolution 
of main sequence stars - and our Sun is a very 
standard example - suggest that this energy output 
will continue to increase over time. Not even the 
Sun beginning to run out of hydrogen fuel, ina 


Mercury or Venus could collide with Earth 


“At this point there is a1 per cent chance that gas 


giant Jupiter's long-term gravitational influence on 
the inner Solar System makes Mercury's orbit so 

~ eccentric that the small inner world might collide 
with the gassy Venus or even come as far as Earth, 
crash into the Sun, or be ejected from the Solar 
System entirely. 
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’ Earth's‘:atmosphere heats to 1,330 
degrees Celsius 
Water vapour in Earth's lower atmosphere increases 
to 40 per cent; this, combined with the Sun now 
being 40 per cent brighter than in the 21st century, 


* leads to a rampant, runaway hothouse environment 


* with surface temperatures hot enough to melt rock. 
Or, essentially, it's a hotter version of today’s Venus. 


few billion years’ time, is likely to stop more energy 
hitting the Earth with very real consequences for 
life on the planet, as average temperatures rise with 
consequences to environment and wildlife. 

The fading energy derived from the fusion of 
hydrogen into helium will no longer be enough 
to hold back gravity, meaning the core of the Sun 
will begin to shrink. However, it’s believed that the 
shrinking will maintain the core's internal pressure 
enough to ensure the remaining hydrogen outside 
the core burns even faster. That, in turn, will 
increase both the pressure in the core and the rate at 
which hydrogen is fused into heavier elements. 


Earth and Mars become tidally locked with 
an expanding subgiant Sun 

Having one face of a planet constantly facing the 

Sun leads to more than just temperature differences 
between the two sides; any remaining atmosphere 
will necessarily move between the light and dark 
faces, creating storms and causing serious landscape 
erosion. Not good for continued life in any form. 
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Currently, our Sun is about half-way through the 
shift from burning hydrogen at its heart to burning 
the hydrogen in a spherical shell wrapped around an 
intensely hot, very dense helium core. Once the Sun 
makes that transition, however, it'll be entering its 
twilight years - not that it'll get darker. ; 

Thanks to gravitational pressure, the nuclear 
furnace at the heart of the Sun will slowly begin to 
overheat, reaching temperatures where the helium 
can, in turn, undergo nuclear fusion to form heavier 
elements. Energy released in the process will see the 
Sun expand into a red giant that will undoubtedly 
swallow up Mercury and Venus and could even 
swallow Earth and Mars. Even if our planet 
physically survives this expansion, however, it will 
no longer be that precious and recognisable Blue 
Marble - it will be a charred rock no longer capable 
of supporting even single-celled life. Its oceans and 
atmosphere will boil away into space, although 
not before contributing to rising global surface 
temperatures capable of melting stone. _ 

Assuming Homo sapiens are still around in some 
form, it’s extremely unlikely we'll still be living 
on Earth by that point. Perhaps we'll have moved 
further out, to the moons of the gas giants that will, 
by then, be well within the bloated Sun's habitable 
zone. Or even further, in search of exoplanets 
beyond the Solar System that we can make our very 
own Earth 2.0. 

Unexpected catastrophes notwithstanding, the 
end of life on Earth certainly won't be a simple © 
decline into nothing. As the continental plates 
continue to move, as mountains rise and are 
eroded away, as continents move and change, new 
species may well evolve to fill some much-changed 
ecological niches. * 

None of this will happen the day after tomorrow, 
however; so don't get too worried about it all. 
Besides, we're arguably the one species on the planet 
that - through science and technology - might just * 
be capable of giving ourselves a stay of extinction. 


Moon falls towards Earth, breaking into 
debris that rains on it 

Orbital drag:in the vicinity of the Sun's apparent 
surface (photosphere) reduces the Moon's orbit until 
it reaches the point where gravity holding it together 
is weaker than the tidal forces pulling it apart. Earth 
will again briefly have a ring of debris before it falls 
down on the planet. 
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Earth falls into the Sun 4 


at red giant phase Mi 


Reaching its maximum size’as a red 

giant - a radius 256 times its present day 

value - the Sun swallows up Mercury and Venus, 
very likely Earth and possibly even Mars. On the plus 
side, Saturn's moon Titan will likely have, by then the 
precise surface temperatures needed to support life. 
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Earth's last day 


No Blue Marble: Earth as - 
it might look following 
. extreme climate change 
or another catastrophe 


© Shutterstock; Science Photo Library; Detlev Van Ravenswaay; John R. Foster; Peter Matulavich; ESO; NAOJ; NRAO 


This perplexing region of _ 
space is rapidly dragging our 
Milky Way toward a place . 
we're desperate to understand 
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The Great Attractor 


More than 20 years ago, a team of seven astronomers 
discovered the location of a vast and mysterious 
region of space that was pulling our galaxy and 
thousands of others towards it. They called this the 
Great Attractor, and today there is still much we 
don't know about it - but we are finally on the brink 
of a breakthrough. 

To better understand it, it's important to 
understand that our universe is not flat. It is ‘lumpy’ 
in terms of gravity, with some areas having stronger 
gravitational attraction than others owing to the 
irregular distribution of matter. We see evidence for 
this from the cosmic microwave background (CMB) 
radiation, the heat left over 380,000 years after the 
Big Bang from when our universe went through 
rapid inflation at its birth 13.8 billion years ago. 


Today we know that the universe is in fact 
expanding at an accelerating rate, owing to a 
mysterious force known as dark energy. According 
to our theories of cosmology, all galaxies should be 
moving away from each other. But the discovery 
of the Great Attractor showed that, on a large scale, 
something more fantastic was taking place. Some 
galaxies are clumped together in huge clusters or 
superclusters, and the Great Attractor suggests many 
of these are involved in an eloquent dance as the 
force of gravity weaves its magic. This ties in with 
something called dark flow, the idea that there is a 
coherent movement of galaxies and clusters within 
our local universe. 

“There's a natural lumpiness in the universe, and 
research gives a lot of credence to the theory that 


“That lumpiness reflects an imbalance in 
the gravitational attraction from one side of 
the sky to the other” tister Staveley-Smith 


What is the 
Great Attractor? 


A region of space 

The Great Attractor is not 

a particular object, but is 
instead a region of space 
where the gravitational force 
of many galaxies converges. 


Massive structure 

The Great Attractor is 
thought to be the result 

of the biggest cluster of 
galaxies in our vicinity, 
spanning about 400 million 
light years. 


Distance from us 

The Great Attractor is 
about 250 million light 
years from the Milky Way 
in the direction of another 
supercluster, known as the 
Shapley supercluster. 


Will it destroy us? 
Although we are moving 
towards the Great Attractor, 
we will never actually ‘fall 
into it’ because the universe 
is expanding quicker than 
we are moving towards it. 


Invisible to the 

naked eye 

We cannot actually see the 
Great Attractor in visible 
light, because it is obscured 
by the thickest part of our 
galaxy known as the Zone 
of Avoidance. 


© 30) 
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A x i 
Professor Sandra Moore Faber 
is most famed forher work 
surrounding the Great Attractor 


Our universe is naturally lumpy due to the irregular 
distribution of matter 


the Great Attractor is the sum total of a whole lot of 
large-scale structures,” Lister Staveley-Smith from 
the University of Western Australia tells All About 
Space. “There is structure on the universe on the 
scale of hundreds of millions of light years, and that 
natural lumpiness just reflects an imbalance in the 
gravitational attraction from one side of the sky to 
the other.” 

Our Milky Way is being pulled towards the Great 
Attractor at about 22 million kilometres (14 million 
miles) per hour, located about 250 million light 
years away towards the plane of our Milky Way. 
However, we will never actually reach it, owing to 
the expansion of the universe. Space is continuously 
expanding between us and the Great Attractor, so 
while it's giving us a velocity boost in a particular 
direction, it will forever be getting further and 
further away - unlike the Andromeda Galaxy, which 
we will collide with in 4 billion years. 

Alan Dressler from the Carnegie Institution for 
Science in Washington, DC was one of those initial 
seven astronomers that pinpointed the location of 
the Great Attractor in the 1980s. He dubs them the 
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This is a Hubble image of the region of the sky where 
the Great Attractor is thought to be 
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The Great Attractor 


Wher e is it? It looks close here: but the Great ATaCrns is vey. very far away, 


ov 


> Great Attractor @ 
<a s 250 million aa years 


angie of galaxies iw — 
drawn by Brevity 


“seven samurai”, at the time based at the University 
of California, Santa Cruz. “The name came from 
when we had a press conference at one point, and 
I was waving my hands trying to describe this 
volume of space,” he explains. “And that name just 
kind of spilled out.” 

At that press conference in 1986, Dressler and 
his team presented their findings. Using telescopes 
around the world and ESA's Herschel space 
telescope in orbit, they measured the redshift of 
thousands of galaxies near to Earth to determine 
how fast they were moving. Redshift is a measure 
of how an object's light is shifted to one end of the 
electromagnetic spectrum as it moves towards or 
away from us. 

What they found was that our galaxy, and many 
others in its vicinity, were all being pulled in one 
direction towards an unseen structure 250 million 
light years from our galaxy, being given what we 
call a peculiar velocity. We cannot see this region 
in visible light because it is towards the thickest 
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part of stars and dust in our galaxy from our point 
of reference, known as the Zone of Avoidance. So 
to study it, we have to rely on X-rays from suites of 
advanced instruments. 

Based on these findings, the Great Attractor is 
thought to be huge, an overdensity of galaxies 
spanning 400 million light years. This makes it 
the largest structure in our vicinity, and one of the 
largest things in the known universe. Near its centre 
is a vast collection of thousands of galaxies known 
as the Norma Cluster. 

The Great Attractor is not a single structure 
though, like a supermassive black hole. It is instead 
essentially the centre of mass for a large number 
of nearby clusters of galaxies, a point where their 
gravitational attraction converges. “We shouldn't 
think of the Great Attractor as a ‘thing’ so much as 
a ‘place’,” Paul Sutter from the Ohio State University 
tells All About Space. “The Great Attractor is just the 
latest point towards which the galaxies in our patch 
of the universe are collapsing.” 
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The Herschel Space Observatory was used to pinpoint 
the location of the Great Attractor 
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The Great Attractor 


Explaining the Great Attractor: dark flow 


Direction of flow ® 
This map of the night 
sky shows the direction 
of flow of clusters of 
galaxies at different 
distances from us 


” 


Galaxy clusters ® 
The clusters all appear . —s 
to be moving along a Bash 
line extending from = 
our Solar System out 
to the constellations of 
Centaurus and Hydra. 
How dark flow operates 


Remnant of the Big Bang @ 
The motions of the clusters 
may be a remnant of the rapid 
inflation of the universe after 
the Big Bang. 


~ 


One direction @ 
Many clusters in the night 
sky appear to be flowing to a 
particular point of sky, which 
seems to be consistent with the 
Great Attractor's location. 


The Coma Galaxy Cluster 300 million light years 
away appears to be experiencing dark flow 
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0.8 to 1.2 billion 
light years away 


1.2 to 1.7 billion 
light years away 


1.3 to 2.1 billion 
light years away 


1.3 to 2.5 billion 
light years away 


@ The Great Attractor? 
As you can see, they're 
all moving in a similar 
direction, called dark 
flow, which is possibly 
caused by the existence 
of the Great Attractor. 


®@ What's the matter? 
The existence of dark flow at a large scale 
continues to be debated, as the matter we 
can observe alone does not account for it. 


@ A peculiar velocity 
Dark flow is the perceived motion of 
galaxies and clusters in one direction, 
which we call a peculiar velocity. 


@ The universe is lumpy 
The irregular distribution of matter 
means that some regions have a 
stronger gravitational pull than others. 


“You get a push because it is empty. But the 


push of the Great Repeller is smaller than 
the pull of the Great Attractor” sian pressier 


Such is the force of the pull that this region is 
theorised to contain more mass than 10,000 Milky 
Way galaxies. However, it may not be acting alone. 
Recent research has suggested that, in the opposite 
direction of the sky, there may be a Great Repeller, a 
region of space devoid of a large number of galaxies. 
With little gravity from this direction, our galaxy 
and many others essentially get a ‘push’ towards the 
more dense region that is the Great Attractor. “It's 
quite clear in the opposite direction you get a push 
because it is empty,” says Dressler. “But the push [of 
the Great Repeller] is smaller than the pull [of the 
Great Attractor].” 

We're also starting to piece together exactly 
what is going on in our neck of the universe. Our 
galaxy lies in the Local Group on the edge of a 
vast collection of galaxies known as the Virgo 


Supercluster. But these all tie together into a much 
larger web of galaxies and clusters called Laniakea, 
and it is thought the Great Attractor may be at the 
heart of this, driving the hefty motions of these 
huge objects. 

The theory is not without controversy, though. 
Beyond the Great Attractor there appears to be 
an even larger structure known as the Shapley 
Supercluster. This may dwarf the mass of the Great 
Attractor by a factor of ten or more, and some think 
it is more likely to be the culprit for the peculiar 
velocity of our galaxy. 

“Shapley is arguably even more interesting than 
the Great Attractor,” Dale Kocevski from Colby 
College in Maine, US tells All About Space. “What 
they didn't know at the time [the Great Attractor 
was found] was that Shapley, which is much more 
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massive, lies almost directly behind the Great 
Attractor when viewed in a projection on the sky. 
We now think that the motion of local galaxies is 
partially due to the gravitational pull of Shapley, 
despite it being three times farther away than the 
Great Attractor.” 

It’s anything but a settled debate, and research is 
continuing in earnest. When we spoke to Dressler, 
he was in the middle of getting ready to travel to 
Chile to conduct new observations, and further 
get to the bottom of the mystery. “I'm surprised 
nobody’s called me about the Great Attractor for 
about 15 years,” he says. “I'm now working on it 
again. I'm rushing around preparing to go to Chile 
for observations of the Great Attractor. So this is a 
very odd thing because I haven't really worked on 
this for a long, long time.” 

Staveley-Smith, too, was in the middle of new 
research on the Great Attractor. “We're continuing 
our work on it,” he says. “I think we'll know exactly 
what the situation is, where we went right and 
wrong, in two or three years, because there are a 
couple of ongoing surveys, certainly in Australia. 
One is Taipan, an optical survey with the UK 
Schmidt telescope. And also a new radio survey 
that's just started is the SKA Pathfinder. I think both 
those surveys will fully answer the mystery.” 

And that's not all. In 2018, the European-built 
eROSITA will launch aboard the Russian SRG 
satellite. This will carry out one of the most 
detailed X-ray surveys of the sky that has ever 
been performed, sensitive to a wide array of X-ray 
photons. This should be good enough to finally map 
out the Great Attractor once and for all, and figure 
out exactly what is there and help bring closure to 
the debate. 

The Great Attractor is not something you hear 
about often in astronomy news, particularly 
with things like potentially habitable moons and 
gravitational waves stealing the headlines. But 
it is equally fascinating in its own right, and if 
everything goes to plan, we should finally get to the 
bottom of what is driving the motion of our galaxy 
and many others in the not too distant future. 
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The Great Attractor 


With or without the Great 
Attractor, our galaxy and 
Andromeda will collide 
in 4 billion years 


played a pivotal part in discovering more information 


F, = » ) 
Why can't we see it? 
Despite the multi-wavelength spacecraft we have at our disposal, the majority of radiation 
coming from the Great Attractor is blocked from our view by the centre of the Milky Way 
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With more than 27 years 
of service under its 
belt, the Hubble Space 


Telescope remains one of 


Space Telescope micgares arenes 


= Spinning high above our world in the embrace of physicist Lyman Spitzer was championing that same 
£410,025 4 ) a Low-Earth Orbit lies Hubble, a observatory that's idea and by 1969, following his proposal to Congress, 
served as the backbone of modern astronomy for NASA had turned its attention and resources to 
Launch: 24 4A 1990 almost three decades. Its cameras have stared into designing mankind's first true space telescope. It 
Rocket: Space Shuttle Discovery the cosmos of our Solar System and beyond and was an incredible project, one that would eventually 
(STS-31) has helped scientists, astronomers and academics to exceed $1.5 billion (£1.2 billion) by its launch, yet it 
: slowly peel back the mysteries that lie far beyond the would a rocky road to that takeoff in 1990. 
Target: Low-Earth or bit blanket of our atmospheres. Hubble, named after the influential astronomer 
Operators: NASA The Hubble Space Telescope may be an ageing Edwin Hubble, was originally planned for a takeoff 
Estimated cost: $1. 5 billion amalgamation of engineering from across the in 1983, but when it slipped to a new deadline three 
i : decades, but its impact on astronomy will never be years later the program found itself placed on ice 
Time in space: Over 27 years tarnished. When it launched on 24 April 1990, Hubble following the Space Shuttle Challenger disaster that 
Orbit height: represented the biggest step forward for the field killed its crew of seven. The tragedy rocked NASA 
353 miles ; a since Galileo Galilei turned his homemade telescope 0 its core, but Hubble would eventually lift off from 
. \- =I to the stars in 1610. Mankind no longer had to rely on American soil aboard the Space Shuttle Discovery as 
terrestrial observatories, it now had one high above he 20th century rolled into the 1990s. 
the Earth with the power to peer far beyond our When it launched, Hubble began operation with 
capabilities at the time. just five instruments to its name - the Wide Field and 
Hubble can trace its origins as far back as 1920s Planetary Camera (WF/PC), Goddard High Resolution 
when German astronomer Hermann Oberth Spectrograph (GHRS), High Speed Photometer 
> z theorised that telescopes could be sent into space (HSP), Faint Object Camera (FOC) and the Faint 
metres via rockets. Two decades later, American theoretical Object Spectrograph (FOS). Each one constituted 


Hubble has captured a 
vast library of images, 
covering everything 
from white dwarfs 

to smaller galaxy 
With almost 30 years of service clocked so far, Hubble has undergone a clusters and beyond 
number of services to ensure it continues to function as needed 
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Anatomy of the 
Hubble Space Telescope 


While it may be long in the tooth, Hubble's set of instruments have stood 
the test of time as it gazes deep into our Solar System and beyond 


@ Aperture door 

The Aperture door functions as a safety 
valve that closes every time there's a 
danger that light from the Sun, Earth or 
Moon could pass into its mirrors. 


@ Primary mirror 
Hubble's main mirror 
is perfect for reflecting 
ultraviolet light thanks 
to a glass that's been 
coated with aluminium 
and a special compound. 


Fine Guidance Sensor (FGS) @ 
Hubble uses three Fine Guidance 
Sensors - two of these are used to 
lock the telescope onto a target, 
while the third is used for astrometry. 


@ Secondary mirror 
The second mirror 
installed also has a special 
coating over its glass, and 
is used to direct the light 


@ Space Telescope 
Imaging 
Spectrograph (STIS) 
One of the most powerful 
instruments on board 
Hubble, STIS is used to 
cover a huge spectra of 
wavelengths including 

ultraviolet and infrared. 


@ Near Infrared 
Camera and Multi- 
Object Spectrometer 
(NICMOS) 
The NICMOS is a scientific e 
instrument for infrared 
astronomy. It detects light 
with wavelengths between 
800 and 2,500. 
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Advanced Camera 
for Surveys (ACS) 


Like many instruments on 


Hubble, the ACS was built, 


tested and installed long 
after Hubble's launch. It 

replaced the FOC (Faint 

Object Camera). 


from the primary mirror 
to the instruments. 


@ Cosmic Origins = 
Spectrograph (COS) 
Designed to support the 
Space Telescope Imaging 
Spectrograph, the COS is 


used to perform spectroscopy Faint Object @ 
on faint point sources. Spectrograph (FOS) 
The Faint Object 


Spectrograph was one of the 
original instruments used 
with Hubble. It was replaced 
with the STIS in 1997. 


@ Wide Field 


Camera 3 (WFC3) 
The WFC3 is last and 
most technologically 
advanced instrument 
to take images in 

the visible spectrum 
on-board Hubble. 
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contributions from NASA's entire breadth (ranging 


How to... service an observatory from the Jet Propulsion Lab to the Goddard Space 


Flight Center) and together they represented the 


: most advanced technology the organisation could fit 

@ The big launch into one space-bound telescope. 
In order to service But for all that funding, and an incredible amount 
Hubble, NASA would of workmanship and engineering, Hubble's initial 


Soa “af images were actually blurring and out of focus. The 


Solid Rocket Boosters eason? Its primary mirror had minute undulations 
and an external tank. around its edge which caused the light to bounce off 
This would contain all it in a way Hubble's ground control couldn't account 
the replacement parts for. It took over three years for NASA to remedy the 


and a mechanical arm. problem, sending up its first service team to replace 
he telescope’s main camera with a modified version. 
Suddenly, Hubble could see clearly, and the results 
were astounding. 
Over its long years of service, Hubble has 
dramatically changed how we see the wider universe. 
Through its instruments, astronomers have been able 
to accurately measure stars with Cepheid variables 
(stars that pulse radially) - since such measurements 
were virtually impossible from terrestrial telescopes 
we're now able to determine the Hubble 
Constant and understand just how 
fast the universe is expanding 
around us. 
Thanks to its set of 
sensitive instruments 
and lenses, Hubble 
has also been able 
to shed more 
light on black 
holes and their 


Operating the arm @ q 
Controlled via Mission Control 
and monitored by the astronaut 
themselves, NASA uses the 
Canadarm/Shuttle Remote 
Manipulator System (SRMS) to 


@ Heading for LEO 
The Space Shuttle, with 
a team of astronauts on 


begin removing faulty components. jai| board, now breaks away a \ 
from its boosters as it 
a a powers towards a Low- 
Earth Orbit with the 
v i Hubble Space Telescope. 


4 


* Returning to operation @ 

After a period of 10 to 11 

days, the Space Shuttle 

retracts the Canadarm and 

A begins its short trip back 

Installing new components @ to Earth. Hubble can now 

Over the course of around 8-9 days, resume its stargazing vigil. 
these degraded or faulty elements 
are replaced by new and upgraded 
instruments/tools, enabling Hubble 
to continue its astronomic mission. 

IT lo, 
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relationships with the galaxies they reside within. 
Prior to Hubble, scientists theorised that black holes 
were common to some galaxies, but data collected 
by the space telescope has revealed it's more than 
likely most galaxies have black holes at their centre 
and that these cosmological anomalies share a deep 
connection with their homes. 

Hubble's legacy in astronomy even led it to 
discover the furthest known galaxy to date, GN-zll (a 
high-redshift galaxy found in the constellation Ursa 
Major). The cosmic locale was observed in 2015 as it 
existed 13.4 billion years ago, which was around 400 
million years after the Big Bang. The observation of 
GN-z11 is just one of countless discoveries Hubble has 
made, with over a million images already snapped 
since its cameras began operating optimally in 1993. 
So what's next for Hubble? The observatory’s orbit 
is slowly degrading, which is causing the telescope 

o drop in height over time. This has been corrected 
a number of times during the five service missions 
conducted by NASA, but it’s clear Hubble's time 

in operation has a shelf life that’s rapidly running 
out. Then there's the James Webb Space Telescope 
(GWST), which is still in development, and will serve 
as the observatory’s spiritual successor with an initial 
launch date of October 2018 still on the cards. 

NASA has yet to confirm how Hubble will 
eventually be decommissioned, but some of those 
involved in the program have suggested it could 
be brought out of operation via a controlled deorbit 
into the ocean. However Hubble will be retired, it’s 
clear that its impact on the future of astronomy will 
survive long after the observatory’s demise. 


Wide Field Camera 3: 
Hubble's advanced eye 


For years, the most powerful lenses staring out into 
the cosmos aboard Hubble were the Wide Field and 
Planetary Camera and Wide Field and Planetary 
Camera 2. As the years passed, one would replace the 
other until 2009 when NASA installed what looks 

to be one of the last instruments to be added to the 
observatory before it's replaced by the James Webb 
Telescope. The WFC3 is still impressive, utilising 

two independent light paths: an optical channel that 
takes images from 200-1000 nanometers and a near 
infrared detector array that covers the wavelength 
range from 850-1700 nanometers. 
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Head to head 
Hubble vs Chandra 


When it comes to weight, Hubble remains one 
of the chunkiest at 12,247 kilograms (1360 
kilograms more than its original launch weight) 
- noticeably heavier than the Chandra Space 
Telescope which clocks in at 4,790 kilograms. 
In terms of sheer size, the Hubble isn't quite 
as grand as the far newer Chandra, with its all 
important measurements coming in at 13.2 
metres by 4.2 metres compared to Chandra's 
larger 13.8 metres by 19.5 metres stats. Hubble 
and Chandra almost occupy the same space 
as a double decker with length 15 metres 
and height 4.3 metres, and Hubble is 
almost heavy as the 12,650-kilogram bus. 


Chandra 
4790kg 


Hubble 
12.247kg 


Vital statistics 


the length of a 
large US school bus. 


The length, in meters, 
of the Hubble Telescope 


1,300,000 


The number of 
observations Hubble 
has made since its 
launch in 1990 


billion 


that's over 
4000 a 


— month! 


orbits of 
the Earth. 


Miles mm / 
The distance Hubble 3 
has orbited since 1990 


that's almost 
600,000 
floppy disks! 


The amount of data that — 
Hubble captures every month 


a 


The speed of Hubble's sm thirteen times faster 
orbit around the Earth _—[«J«<than Concorde 
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| HOW TO... 
Establish a 


space telescope 


1 The big launch 

Getting a large space telescope into space 
requires an incredibly powerful rocket to take 
it into Low-Earth Orbit. Since NASA was in the 
middle of its Space Shuttle Program in 1990, 
Hubble was launched inside Discovery. 


\ 


2 Reaching Low-Earth Orbit 

To get Hubble into place, Discovery soars 

to a height of 600 kilometres above the Earth, 
separating itself from the three boosters. At 600 
kilometres Discovery's crew of five is able to 
document the operation. 


+ . da 

3 Unfurling the solar array 

As the Hubble Space Telescope is removed 
from Discovery's cargo bay the remotely operated 
Canadarm robotic arm is unfurled. However, 
during the operation one of the arrays refused to 
fully unfurl. An emergency space walk is prepped. 

or 


4 Launching Hubble into place 
Following five days of operation - which 
included a number of experiments - the Hubble 
Space Telescope is tested and separated from 
Discovery. As begins its long vigil above the Earth, 
Discovery and its crew return to terra firma. 
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The cycle of 
planetary orbit 4 
migration 
The rise and fall in 
volume of dust hitting the 
Earth tells us about how 
the planets’ orbits are 
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Sciéntists. are starting to find cosmic Bais all 
over the Earth with important consequences 


Written by Colin Stuart 


-When you think about outer space, your mind is 
naturally drawn to the very big - planets, stars and 
galaxies. But many of the universe's secrets are 
hidden away in the stuff you can barely see: cosmic 
dust. Take our own Solar System. The gaps between 
the planets are peppered with tiny dust grains less 

»than_a tenth of a millimetre across. There's enough 

of them that if you gathered up all the dust between. 


the Sun and Jupiter you could fashion a sphere 25 
kilometres (15.53 miles) across. On a clear night, far 


from city lights, you can even see sunlight reflecting 


off these particles in an effect called zodiacal light. 
According to a study by scientists including 

Queen guitarist Brian May - who completed his 

PhD on zodiacal dust in 2007 70 per cent of this 


~ dust sees by comets during their long jaunts. 


Cosmic dust™ - s 


past the planets. Roughly 22 per cent comes from 
colliding asteroids, with the rest thrown into the 
Solar System from interstellar space. Scientists have 
long been keen to get their hands on some of this 
pristine cosmic dust in order to study it up close. In 
1999, NASA launched the Stardust mission and one 
of its aims was to return samples of cosmic dust to 
the Earth. These returned home in 2006 and in 2014 
scientists announced that they had found seven 
interplanetary dust particles among the haul. 

But you don't have to launch probes into space 
to get your hands on cosmic dust. As the Earth 
orbits the Sun it regularly ploughs into streams of 
dust. These particles can strike the Earth at speeds 
of almost 70 kilometres (43.50 miles) per second, 
causing temperatures to soar to more than 1,500 


degrees Celsius. Some of larger grains - those bigger 
than two millimetres across - are incinerated with 
such ferocity than we see them as meteors or 
shooting stars. Yet some of the dust survives the 
treacherous journey and reaches the ground. So, in 
the past, researchers have turned to places such as 
the pristine frozen snow fields of Antarctica, where 
cosmic dust grains deposited over the last million of 
years ago are preserved in the ice. 

However, Norwegian amateur scientist Jon Larsen 
believed that even that was an extreme too far. 
Larsen is an award-winning jazz musician who 
travels the world playing his guitar and a surrealist 
painter with a penchant for Salvador Dali. As he 
read more about cosmic dust he became enchanted 
with the idea of finding it in the chaos of a city. So 


“The cosmic dust community has got very 
used to people claiming to have found 


| Ys 


Cosmic dust collector Jon Larsen tuning his guitar 
during his main job as a jazz musician 


Debris from colliding 
asteroids creates some of the 
cosmic dust falling to Earth 
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cosmic dust on the street” pr matt cange 


Aclose up view of a cosmic dust particle through a 
scanning electron microscope 


he began to collect samples of sediment material 
from the gutters of buildings in Oslo in the hope of 
finding extraterrestrial interlopers hidden among it. 

As an amateur scientist, Larsen turned to Dr Matt 
Genge - a planetary scientist at Imperial College 
London - for advice. “At first my advice was don't 
do it,” says Genge. “Because over the years the 
cosmic dust community has got very used to people 
claiming to have found cosmic dust on the street 
and it has always turned out be man-made.” In the 
dirty, busy heart of a modern city it is a Herculean 
task to tease out the cosmic from the industrial. 
According to Genge, an average of just six cosmic 
dust particles fall on each square metre of the 
Earth's surface each year. “They're on our streets, in 
our homes and on our clothes,” he says. But Genge 
and his fellow researchers always thought it would 
be too difficult to find these proverbial needles in a 
haystack in urban areas. Only pristine vistas such as 
Antarctica or outer space would do. 

But Larsen is tenacious. He used magnets to 
isolate microscopic particles within the debris he'd 
collected from Oslo’s gutters and kept sending 


cient asteroid 
collisions in our 32 
Solar System 


Spikes in the amount of dust 
locked up in ice cores tells 
» us about asteroid collisions. 9 
#over the last few hundred Gee 
million years... : 
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Intergalactic dust 

Dying stars can blast dust out of their host galaxies 

’ and into the void between. Mergers between galaxies 
and dwarf galaxies can also create intergalactic dust. 
What it tells us 

‘It is important to study intergalactic dust because 

‘it can dim light.arriving at Earth from very distant 
galaxies, leading us to. underestimate their brightness. 


Circumplanetary dust 


In 2015 astronomers spotted a mysterious dust cloud . 


around the planet Mars using the MAVEN spacecraft. 
It was 150 - 300 kilometres (93 - 186 mes) above 
the Martian surface. 

* What it-tells us 

: This dusf suggests that there's probably a process 

going on.in'Mars’s atmosphere that we're unaware of. 


Where it comes from . 


Asteroid - - Comets Galaxy 


collisions mergers 


Interstellar dust 

The dust between the stars largely thrown out by ; 
supernova as massive stars explode at the end of 
their lives. It is from this that new stars are formed. 
What it tells us 

By studying this dust astronomers hope tolearn how ~ 
the more complex molecules required for life first 
form in the universe. 


Interplanetary dust 

The dust between the planets - including the zodiacal 
cloud - is mostly the result of colliding asteroids or 
deposited by comets as they patrol the Solar System. 
What it tells us ; 

By looking for spikes in-the amount of interplanetary 
dust arriving on Earth astronomers can open a 
historical window and look at past impact events. 


The solution to 
climate change 


Understanding how cosmic dust 
would react to initiatives such 


as geoengineering is crucial 
©. if we're going to successfully 


combat climate change. 


Cosmic dust ~*~ ae 


You are made of stardust 


With the exception of hydrogen and helium, 
every atom in your body has stellar origins 


Oxygen - 65% Carbon - 18.5% 
Helps us convert food into energy It is found in many important 
compounds in the human body 


via the process of respiration 
Nitrogen - 3.2% Calcium - 1.5% 
A key ingredient in proteins and % Keeps our teeth and bones strong 
ek and helps nerves function 


the bases found in our DNA [cal 
[P| Phosphorus - 1.1% 


. 
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Dust provides a surface ~~ ey ; ’ Fs 
for other molecules to i“ ‘pe 
stick to and researchers ©) 
recreating this process in 
laboratories to understand 
how the pre-cursors to life 


were built 


A crucial ingredient in ATP - 
the basic compound used for 
energy storage inside cells 


Chlorine - 0.2% 
Part of the gastric 
juices which help digest 


food in your stomach 


Sodium - 0.2% 
Na| Found in table salt, it 

helps regulate your 
body's water levels 


Magnesium - Trace 
This element plays an 
important role in forming 


skeleton and muscles 


Potassium - 0.4% 
Without potassium your 
nerves would not be 
able to function properly 


Sulphur - 0.2% gat 
Found in both insulin sea 
and keratin - the Peet 
substance from which x ; 


hair and nails are made 


lodine - Trace 
Produced in the thyroid 
gland to regulate your 
body's metabolism 


Zinc - Trace Iron - Trace 
An important Found in red blood cells, 
component of enzymes it helps carry oxygen 


that aid in food digestion around your bloodstream 
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Genge images of his bounty. Eventually, after about 
five years of back and forth emails, Larsen sent a 
photo that made Genge sit up and take notice. “It 
really did look like a cosmic dust particle,” says 
Genge. So he invited Larsen to London to take a 
closer look together. In the 300 kilograms of gutter 
material Larsen collected, he'd managed to isolate 
500 microscopic cosmic dust particles. The dogged 
amateur scientist had shown the professionals that 
it was possible after all. It wasn't just Oslo either. 
Larsen collected samples whenever he gigged ina 
new city and has found space dust on the rooftops 
of Paris, Berlin and Houston. 

From a scientific perspective Larsen’s haul is a 
big deal. Some of the gutters he sifted through were 
from commercial buildings that have their gutters 
cleaned regularly, perhaps as often as once a year. 
So the dust grains he found must be very recent 
arrivals on the Earth. Genge compared the amount 
of dust being deposited now to past levels found 
in places such as Antarctica. “There's been a subtle 
change,” he says. “Dust seems to be arriving more 
slowly now than it has on average over the last 
million years.” Genge believes this is part of a larger 
cycle. Earth's orbit subtly changes shape as it is 
pulled on by the other planets in the Solar System. 
The orbits of the dust particles are also affected 
in this way and so the amount of dust arriving 
on Earth is thought to regularly rise and fall in a 
repeating pattern. 

Understanding this trend more clearly will 
allow astronomers to spot any special events 
superimposed on the natural dust cycle. Take an 
asteroid collision occurring a million years ago as 
an example. When the two space rocks smashed 
into each other they created a lot of new space 
dust, some of which later fell to Earth and became 
trapped inside rocks or encased in ice. But unless 
planetary scientists know where the Earth was in 
the natural up and down of the dust cycle, they 
can't know how much of the spike is due only to 
the asteroid collision. Removing the amount of 
background dust to see what remains would tell us 
a lot about the history of Solar System impacts over 
the last hundred million years. 

But what about the dust that doesn't make it 
to the ground? That's scientifically valuable too. 
“There have been suggestions that cosmic dust in 
the atmosphere could affect the Earth's climate,” 
says Genge. For clouds to form there has to be 
some material for them to condense around. When 
it comes to low-altitude clouds, these 'seeds' are 
dust particles lifted upwards from the surface of 
the Earth. However, this terrestrial dust can only 
be lofted to about 50 kilometres (31 miles). Any 
cloud forming higher than this must be condensing 
around extraterrestrial dust. These rare formations 
are called noctilucent clouds and some researchers 
have linked them to climate change. Some 
researchers have even argued that cosmic dust 
played a role in the last Ice Age. 

Yet estimates have varied wildly as to how 
much microscopic cosmic dust there is in the 
upper atmosphere. A dust detector on a satellite 
has suggested as much as 300 tonnes is being 
added each day. Other measurements from ground- 
based radar and aircraft and balloons in the lower 
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ea. The causesof (29% 
» climate change ‘* 

*. Researchers are exploring 

At the part cosmic dust plays in 
the formation of noctilucent 

clouds and their role in 
global warming. 


“Dust:seems * 
arriving more slowly 
now than it has 

over the last million 


years” Dr Matt Gange 
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Some of the dustiest places in the universe 


l ae 


Lagoon Nebula (M8) Eagle Nebula (M16) Crab Nebula (M1) 


Brand new stars are slowly being formed as gravity One of the most famous ‘dusty’ places in the universe = The remnant of a supernova explosion first seen in 
pulls gas and dust together in this 100-light-year-wide — thanks to the Hubble Space Telescope, these ‘Pillars the year 1054, last year Swedish astronomers found 
nebula in the constellation of Sagittarius. of Creation’ form part of the Eagle Nebula. 92 dusty globules in this famous cloud. 


The Milky Way The Pleiades (M45) 
Look up from a dark site and you will see the Milky Way arching overhead. Youcan _‘ The famous star grouping - nicknamed The Seven Sisters - contains lots of dust 
clearly see there's lots of dust between the stars. illuminated by the light from the infant stars. 
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Zodiacal Light 

While the dust itself is not on Earth, you can still see 
this interplanetary dust on a dark evening because it 
is scattering sunlight around the Solar System. 


Ocean floor 

Nearby supernova explosions can rocket dust into the 
Solar System and through the atmosphere to land on 
the ocean floor where scientists have collected it. 


Antarctica 
Cosmic dust landing in Antarctica becomes trapped in 
the ice and lies undisturbed for millions of years. This 


creates a historical record of past dust events. 


City rooftops 
Amateur Norwegian scientist Jon Larsen found cosmic dust in 300 kilograms of material rescued from rooftop 
gutters in multiple cities including Paris and Oslo. 


“There have been suggestions that cosmic 
dust in the atmosphere could affect the 
Earth’s climate” px matt Genge 


stratosphere suggest it could be as low as three 
tonnes (3,000 kilograms). And the difference 
matters. If cosmic dust is abundant, metals 
produced by it could be affecting the chemistry of 
the ozone layer. Understanding how much cosmic 
dust there is in the atmosphere would also help us 
better understand its role in climate change and 
is vital in working out how best to tackle it. For 
example, one proposed antidote to global warming 
is geoengineering: adding gases to the atmosphere 
to help cool the planet. Yet, in order to do that 
effectively, you need to know how much cosmic 
dust there is up there and how it will interact with 
the gases you add. 

So an international team of scientists has spent 
the last five years investigating atmospheric 
cosmic dust as part of the CODITA (Cosmic Dust 
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in the Terrestrial Atmosphere) project. They 
have developed a model of cosmic dust called 
the Meteoric Ablation Simulator (MASI). In their 
laboratories they flash-heated particles with a 


similar composition to cosmic dust to mock up entry 


into the atmosphere. They then carefully track the 
the metals produced. The simulation lasts just 12 
seconds, but over that period the team takes 6,000 
measurements. It's the first experiment of its kind. 

Believe it or not, our Solar System is not the only 
source of terrestrial cosmic dust. Nearby supernova 
explosions - the violent deaths of massive stars - 
can launch dust across interstellar space, into the 
Solar System and down through our atmosphere. 
Last year a team of astronomers announced the 
discovery of iron-60 in seabed material. Iron-60 
is.a particularly rare, radioactive form of iron a 
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"The number 
of nearby 
supernovae 
lron-60 deposits on the ocean 
floor document the occurrence 
> = of nearby supernova explosions 
in the last 10 million years. 


quadrillion timed? more scarce than ordinary i iron, 


More importantly, supernovae are the only place 
we know of where it can form. Exploding stars are 
littering Earth's sea beds with cosmic dust. Just 

as ice cores preserve it on the surface, the sea bed 
preserves dust from past supernova events - an 
important time capsule for astronomers looking to 
study recent explosions. 

So you can find cosmic dust all over the Earth. 
As Matt Genge said, it is on other clothes and in our 
homes. Jon Larsen proved it is even sitting in our 
gutters. You'll find it hidden away in ice cores in the 
Antarctica, forming clouds more than 50 kilometres 
(31 miles) above our heads and settled at the bottom 
of the sea. But we've only scratched the surface. 
Cosmic dust will reveal more about our Solar 
System's history and even our planet's future. 
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Future Tech VASIMR 


Mars 


in 39 days! 


Using radio waves to contribute to its 

fuel, the Variable Specific Impulse 
Magnetoplasma Rocket (VASEMR) will get 
us to the Red Planet faster than ever before 


“A solar-powered 
VASIMR tug could 
deliver cargo to the - 
Moon for a sixth the 
propellant required by 
a chemical spacecraft” 
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Impressive as traditional chemical rockets are, 
blasting majestically off their launch pads on 
columns of flame, they aren't very good. They 

can provide significant thrust for a short time, but 
because the energy source (chemical reactions) 

is combined with the reactive mass, chemical 
spacecraft would have to be impractically large 

to achieve short journey times anywhere in the 
Solar System. If we are to explore the planets and 
establish permanent colonies beyond Earth we need 
alternative in-space propulsion capable of delivering 
much higher speed in a practical package. In 
development for over a decade by former astronaut 
Franklin Chang Diaz and his team, the VASIMR, or 
Variable Specific Impulse Magnetoplasma Rocket 
engine, might be what we need. 


se, OF I,,,, which is the amount of 
q tity of propellant burned. 


d in seconds, though it 
er the value the better 


Magnetic confinement 
The plasma is get away from 
the walls of the chamber, 
protecting the structure, 
with magnetic fields. 


Helicon coupler 
This tubular antenna 
pumps radio waves 
into the propellant to 
separate its electrons 
and form a plasma. 


Nuclear power — 
High-speed VASIMRs 


VASIMR 


“This increases the temperature of the 
compressed plasma to 10 million Kelvin 
before it is finally released” 


missions to the planets; but there is an alternative: 
electric thrusters. These ionise a gas - separating 
electrons from their atoms to form an electrically 
conductive gas called a plasma - and then use 
electric or magnetic fields to accelerate them out of a 
nozzle. These ion engines can produce high specific 
impulses for long periods by accelerating a very 
small amount of propellant to a very high speed. 
However, they only produce very small thrusts. 
What is needed is a system that could combine 

the high thrust of chemical engines with the high 
specific impulse of ion engines. 

VASIMR takes a similar approach to ion engines 
in that a gas is separately heated and accelerated, 
but avoids some of their drawbacks enabling high 
thrusts. First a gas like Argon or Xenon is injected 
into the engine through a tubular radio antenna 
called a helicon coupler, where it is ionised by radio 
waves, whilst electromagnets keep the plasma away 
from the walls of the chamber. Next the plasma 
passes through a superconducting magnet that 


Solar power 
High-efficiency VASIMRs 
would be solar powered 
- slowly but cheaply - 
moving supplies around 
the Solar System. 
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would be nuclear powered, 
to provide high-thrust rapid 
trips for human transport. 
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squeezes the plasma while a second antenna pumps 
in more radio waves. This increases the temperature 
of the compressed plasma to 10 million degrees 
Celsius (18 million degrees Fahrenheit) before it 

is finally released through a diverging magnetic 
nozzle. By varying the propellant flow rate and the 
power delivered to the different stages of the engine 
VASIMR can produce relatively high thrust/low I, 
performance for in-space boost, and low thrust/high 
I, performance for long duration cruise. We're still 
looking at ‘high’ thrust in the region of only five 
kilograms, but in space, and paired with an I,,, of 
3,000 seconds that would be very useful indeed. 

A solar-powered VASIMR tug could deliver cargo 

to the Moon for a sixth the propellant required 

by a chemical spacecraft, cutting the cost and 
making Solar System settlement more viable. The 
inspirational side is, of course, the ability to speed 
up human trips to the planets - if paired with a 
200MW nuclear reactor a VASIMR transporter could 
make the trip to Mars in only 39 days. 


Superconducting 
magnets 
Once converted to 
plasma the propellant 
is further squeezed by 
superconducting magnets. 


__ Final heating 
More radio waves 
are beamed into the 


it up to 10,000,000 
Kelvin, increasing the 
exhaust velocity and Isp- 


Magnetic nozzle 
The superheated plasma is ejected 
from the engine through a diverging 
magnetic field, producing thrust. 


squeezed plasma to heat 
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It's the force that throws objects up and, if found, could 
be the holy grail for space travel among the stars 


Written by Nicky Jenner . 
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Straddling the Franco-Swiss border near Geneva lies 
the European Organization for Nuclear Research, 
more popularly known as CERN. 

This laboratory houses the accelerators, detectors, 
and equipment comprising a number of different 
particle physics experiments - including the 
famed Large Hadron Collider (LHC), responsible for 
discovering a particle suspected to be the Higgs 
Boson, or ‘God particle’, in 2012. 

CERN’s particle accelerators are designed to study 
the tiniest constituents of matter: the fundamental 
particles that form everything from stars and planets 
to your afternoon cup of tea. 

This type of matter is known to scientists as 
‘baryonic matter’. The vast majority of what we see 
throughout the visible cosmos is formed of baryonic 
matter, comprising particles including protons, 
neutrons, and electrons (the latter are not technically 
baryons, but are usually considered baryonic matter 
by most astronomers). 

However, this is not the only particle world to exist. 
Every ‘ordinary’ particle we know of is accompanied 
by an antiparticle - a mirror image that has the 
same mass as its ordinary counterpart but opposing 
properties (charge, spin, quantum numbers, magnetic 
moment). The electron, for example, has a charge of -1 
and is partnered by the positron, which has a charge 
of +1. The proton partners the negatively-charged 
antiproton, the neutron the antineutron, and so on. 

This exotic type of matter, known as antimatter, 
was first predicted to exist in the 1920s by British 


In search of antigravity 


physicist Paul Dirac, and discovered experimentally 
shortly after. Matter and antimatter particles are 
always produced in pairs, albeit spectacularly 
unfriendly ones. If the two meet and collide 
they destroy one another in a process known as 
annihilation, producing a burst of energy as both are 
wiped from existence. 
Matter and antimatter should therefore be created 
in equal measure, and we would expect the Big Bang 
to have filled the universe with the same amount of 
each. These particles should have found their way 
to an opposing particle and annihilated over time, 
leaving an empty universe behind. 
Controversially, we instead see a matter-filled 
universe, and catch glimpses of antimatter only 
fleetingly (during thunderstorms, natural radioactive 
decay, and within phenomena such as cosmic rays). 
This implies that there may not in fact be perfect 
symmetry between the processes at work within the 
matter and antimatter worlds, and that the laws of 
nature may not be mirrored between the two equal, 
yet opposing, forces. 
“Differences between the behaviour of matter and 
antimatter are embedded in our conventional theory, 
which is known as the Standard Model,” says Chris 
Parkes of the University of Manchester, UK, and 
leader of the university's involvement in the LHCb 
experiment at CERN's LHC. In fact, “the Nobel Prize 
was awarded in 2008 to the theoretical work that 
embedded this matter-antimatter asymmetry into the 
foundations of the Standard Model.” 


“Differences between the behaviour of 
matter and antimatter are embedded in our 


conventional theory” 


Couldantigravity 
be hiding away in 
* another universe? 
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Gravity vs antigravity 


If it exists, how does the supposed counterpart to space's familiar force behave? 


Gravity 


Gravity is the universe's 
weakest-known force 
Compared to the other three 
fundamental forces of nature 
- strong, electromagnetic 

and weak - gravity is known 
as the weakest and,.asa- 
consequence, has a negligible 
influence on the behaviour of 
subatomic particles. 


vy 


It gives weight on Earth 

On our third rock from the Sun, . 
gravity appears to act downwards 
and gives everyday objects their 
weight. It also causes the ocean tides 
with help from the orbital behaviour 
of the Sun and Moon. 


Matter 


It's responsible 

for planets, stars 

:and galaxies 

Everything you can see in the 
universe is held together by 
gravity. It causes planetary 
motion around stars and is 
responsible for the evolution 
and appearance of the planets, 
stars and galaxies. 


It causes objects to gravitate 
towards each other 

Gravity operates on all objects 

with mass, causing them to fall in 
towards each other. Since energy is 


. similar to mass, it can also influence 


phenomena such as light. 


~ than downwards. - 


Antigravity 


Antigravity is the ‘loss’ 
of mass 

The best way to describe 
antigravity is that it 

opposes gravity, creating an 
environment where objects 
don't seem to have any mass. 


’ These objects then tend to 


‘levitate’ or fall upwards rather 


It pushes space-time apart 
Similar to dark energy, antigravity will 
push the fabric of space-time apart. 

If it exists, then it would prove useful 
for keeping hypothetical constructs 
such as wormholes open for: 
spacecraft to travel through them. 


Anti 
matter 


The Large Hadron 
Collider is hunting for it 
Using the Antihydrogen Laser 

Physics Apparatus, also known 
as ALPHA, physicists mastered 
the tricky task of keeping 
antimatter around for long 
enough to look into how it 
behaves, providing a look into 
the possibility of antigravity. 


It could comprise 

of antigravitons 

If we can prove that gravity is made 
up of gravitons, then-we may be 
able to assume that antigravity is 
comprised of its counterpart, the 
‘equal but opposite’ antigraviton. 


To explore this asymmetry, scientists turned 
to the fundamental forces of nature. There are 
four such forces: strong, weak, gravitational, and 
electromagnetic. The strong force holds nuclei 
together, gravity is an attractive force between 
masses, electromagnetism governs charge and 
magnetism, and the weak force facilitates decay. 

This final force, the weak force, may play a part 
in some of the known asymmetries of matter and 
antimatter. Interactions between particles and the 
weak force appear to occasionally violate something 
known as ‘CP symmetry’, in which particles with 
differing charges and parities are not affected equally 
(handedness' is a good analogy, with some particles 
being ‘right-handed’ and others ‘left-handed’). As 
matter and antimatter particles have largely opposite 
properties by definition, they thus behave differently 
in the weak force domain on rare occasion, resulting 
in a different number of interactions occurring for 
matter than antimatter over time. 

This may have something to do with the surplus 
of matter we observe in the universe but, as with 
all open scientific questions, we are unsure of the 
full picture. Cosmologists suggest the Big Bang may 


“The gravitational force on antimatter has 
never been measured... For all we know, 
antimatter might even fall up" 


simply have created more matter and antimatter 
for some reason, and it remains possible that while 
we see matter, all the antimatter is simply hiding 
elsewhere in the universe (or multiverse). 
Antimatter-matter unbalance aside, we have a 
lot to learn about the exotic world of antimatter. 
Scientists are now exploring how another 
fundamental force interacts with antimatter: gravity. 
“The gravitational force on antimatter has never 
been directly measured,” says Daniel Kaplan of the 
Illinois Institute of Technology, USA. “For all we 
know, antimatter might even fall up. This possibility 
is known as ‘antigravity’: gravitational repulsion 
between matter and antimatter.” 
Gravity is an attractive force exerted by objects 
with mass. It causes massive bodies throughout the 
cosmos to draw in material from their surroundings 


and clump together, gives all objects on Earth 
an associated weight, and keeps our feet firmly 
anchored to the ground. 
“The established theory of gravity is Einstein’s 
heory of general relativity,” explains Kaplan. “This 
heory is in excellent agreement with all available 
evidence. However, there are reasons to believe it is 
wrong. For example, it is a ‘classical’ theory, based on 
he assumptions that space and time are continuous, 
and that velocity, force, and energy can have any 
value. Physicists believe these assumptions are 
incorrect, and that quantum theories represent the 
rue nature of reality.” 
While general relativity is well accepted and has 
been studied in depth for many years, aligning the 
heory with quantum mechanics, something that 
is at the forefront of current research, has proved 


46 www.spaceanswers.com 


In search of antigravity 


aE" 


Aerial view of CERN's- 
Large Hadron Collider 


p in Geneva, Switzerland 
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The ATLAS experiment, 
which forms part of the 
Large Hadron Collider 
(LHC), has contributed 
in the search for 

Ny) antigravity. To date 

>» results are inconclusive. > 
—y — 
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What can antigravity be used for? 


ple) Bae TE to exist, this. oplisvs force’ could assist in our quest to travel ene the stars 
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a wormhole | 
naan me _. Antigravity, in theory, could be used to 
, . Open up a wormhole in order to allow 
be ~ spacecraft to dive straight in and travel 
; ie ‘straight through. By using a sufficient 
» torrent of antigravity - which acts as 
. . negative energy - to force the throat of 
. il . ey space-time apart, and.it will be opened 
sit we” 7 : EY ge a 7 wide.enough to enable an astronaut ; 
and his spacecraft to'slip right though. ~ 


Gravity shields | 


Gravitational shielding involves shielding an / 
object from the influence of a gravitational 
field. Currently bound to the pages of 

science fiction, gravity shields have the | 
effect of reducing the weight of an object, 
assisting greatly with space travel. 
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Navigating space-time 
e + 

faster than light 
The.Alcubierre warp drive, which is. based on Einstein's, 
field equations in general relativity, is a speculative idea by 

E which a spacecraft-could achieve apparent faster-than-light 

. travel - that's if a configurable energy-density field lower . 
than that of a vacuum is able to be created. ae 
By creating antigravity, and a ‘drainhole’ to create the : 
74 ye 1) drive, the spacecraft would be shielded from external 
wd gravity and even go below a black hole's horizon unscathed. 
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difficult. Reconciling the two may be aided by matter- 
antimatter measurements, to complement the largely 


matter-matter measurement 
currently working with. 


s that physicists are 


Some scientists propose that gravity may affect 


matter and antimatter differently, given the particles’ 
mirrored properties. Perhaps if you created a positron 


and set it free it would float 


rather than sink, feeling 


gravity as a repulsive force. However, this is an 


extremely controversial idea. 
“There is no reason whatsoever to assume that 


antimatter would fall upwards,” says Holger Miller of 


UC Berkeley, USA, and a me 


mber of CERN’s ALPHA 


collaboration. “Unlike electricity, gravity doesn't have 
‘charges’ that could be positive or negative. There is 
not a shred of evidence for antigravity, and quite a lot 


of evidence against it.” 
Svante Jonsell of Stockho 
agrees. “Almost no-one wou 


m University, Sweden, 
id bet on antigravity, from 


either a theoretical or experimental standpoint,” he 
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Antihydrogen 


- Antiproton 
Mass: 1.67x10°27kg 
Charge: -1 


® Positron 
Mass: 9.11x107"kg 
Charge: +1 


says. “If there was a difference [in the effect of gravity 
on matter and antimatter], that would really say that 
antimatter has some as-yet-unknown property that's 
different from matter, which would be a sensational 
discovery,” he adds. “But we know there are things 
about antimatter we don't understand - most 
importantly why we don't see as much antimatter as 
matter around us - so there are good reasons to probe 
its properties. And, of course, one cannot really know 
for sure until one has looked.” 


“There is not a shred of evidence for 
antigravity, and quite a lot of evidence 
against it" 


However, it may not be a simple case of balloon 


and anvil - it may be one of 
slightly lighter anvil. “While 
antimatter might ‘fall up’, yo’ 


anvil and an ever-so- 
it's crazy to argue that 
uu can make a serious 


case for looking for subtle changes in the acceleration 


of free fall," explains Muller. 
down, but with a very slight 


“Antimatter might fall 
ly different acceleration 


swarm of particle physics acronyms including 
AEGIS, ATRAP, GBAR, BASE, ASACUSA, and the 
aforementioned ALPHA - deal with antimatter, and 
plan to precisely study its properties (and in some 
cases, free fall) in coming years. Several have already 
managed to create and trap antimatter. ALPHA has 
managed to create, trap, and probe the gravitational 
acceleration of antihydrogen, and has plans to do so 


per cent, and no less than around 65 per cent, that of 
matter. This clearly leaves the question of antigravity 
entirely open [to debate].” 

A key problem with antimatter experiments is 
that the electromagnetic force overwhelms and 
distorts the effects of gravity for non-neutral particles. 
Storing antiparticles, even neutral antiparticles, is 
also incredibly difficult: the walls of any container 


compared to normal matter. Even this is hard to 
argue, but non-crazy.’ 

Even antigravity sceptics, such as Muller, admit 
that there is serious science to be done in this area, 
and several experiments are working to better 
understand gravity's relationship with antimatter. 
Many of CERN's collaborations and projects - a 


much more accurately. 

“Measuring the acceleration of antimatter in the 
gravitational field of the Earth is a crucial test of 
general relativity,” explains Kaplan. “Only in recent 
years has it become feasible. ALPHA published the 
first limit in 2013, establishing that the gravitational 
acceleration of antihydrogen is no greater than 110 


or apparatus are necessarily formed of matter, 
which leads to quick annihilation (although there 
are glimmers of hope: CERN's BASE experiment 
has managed to somewhat circumvent this issue by 
using adequate magnets). 

Accurately measuring antigravity, or any effect in 
hat arena, requires far more precise measurements 
and advanced equipment. With this in mind, CERN 
is adding to its apparatus and will continue and 
further its antihydrogen research in coming years. 
Kaplan and ITT physicists are also developing an 
experiment called MAGE (the Muonium Antimatter 
Gravity Experiment) that, although still a work in 
progress, would be capable of measuring minute 
differences in gravitational deflection on the order of 
just picometres (1 trillionth of a metre). 

While most scientists believe that the difference 
between the gravitational acceleration of matter and 
antimatter is likely to be tiny, any difference at all 
would be hugely significant. 

“Even a small discrepancy - for example, the 
gravitational acceleration of antimatter being larger 
or smaller than that of matter by as little as one 
part per million - would change our understanding 
of cosmology in important ways,” says Kaplan. 
“Although most likely there would be no practical 
applications, antigravity would have enormous 
implications for the nature and evolution of the 
universe, possibly even eliminating the theoretical 
need for dark energy and dark matter.’ 


The Big Bang is thought 

to have filled the universe 
with matter and antimatter 
in equal measure. So why* 
can't we find immediate 
evidence for antimatter? 
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Hydrogen gas 
discovered in a 
plume of material 
erupting from the 
surface of Saturn's moon 
Enceladus by NASA's 
Cassini spacecraft suggests 
that the frozen world could 
be our best chance of finding 
life within the Solar System. Data 
indicates that the hydrogen is being 
made through chemical reactions 
between the rocky core and warm water 
from its subsurface ocean, a process that's 
analogous to hydrothermal vents on Earth. 
“Hydrogen is a source of chemical energy 
for microbes that live in the Earth's oceans near 
hydrothermal vents,” explains principal investigator 
of Cassini's Ion Neutral Mass Spectrometer (INMS), 
Dr Hunter Waite. “We have not found evidence of the 
presence of microbial life in the ocean of Enceladus, 
but the discovery offers a tantalising suggestion that 
habitable conditions could exist beneath the crust.” 
These vents emit mineral-laden fluid that allows 
ecosystems to thrive. “The amount of molecular 
hydrogen is high enough to support microbes similar 
to those that live near hydrothermal vents on Earth,” 
says Dr Christopher Glein, a pioneer of extraterrestrial 
chemical oceanography at the Southwest Research 
Institute in San Antonio, Texas. “If similar organisms are 


present in Enceladus, they could ‘burn’ the hydrogen NASA's Cassini spacecraft has 
to obtain energy for chemosynthesis, which could discovered a potentially habitable 
conceivably serve as a foundation for a larger ecosystem.” region inside Enceladus 
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FIRST LOOK 


Inside your — 
CAPSULE 
“SPACE 


Blue Origin has given its best-ever peek 
at the spacecraft, tipped to blast you off 
into Earth-orbit at the end of this year 


Written by David Crookes 
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Your Blue Origin flight 


If you buy something from Amazon, you could get 
the item to your door in double-quick time. You'll 
have to pay for such speedy delivery, of course - 
whether as a one-off or part of a subscription - but 
as long as you put up the cash, you can sit back, 
enjoy whatever it is that you've bought or even 
return it if it doesn’t take your fancy. 

Hand your cash to Blue Origin, though, and much 
the same will apply. The core experience will last 
11 minutes, it'll cost you many tens of thousands 
of dollars and you'll get to recline in a comfortable 
chair. The difference is, you'll be guaranteed to 
savour every moment and will most likely want 
to return. After all, you'll have just experienced 
something that really will be out-of-this-world. 

Amazon and Blue Origin have a very clear 
link: they have both been founded by the retail- 
cum-space entrepreneur Jeff Bezos, a 53-year-old 
American who also happens to own the Washington 
Post. Yet while his first company sends goods to 
homes across the world, Blue Origin is set to carry 
people to the edge of space and back. In doing so, 
it is putting itself in competition with the likes of 
SpaceX in what is being dubbed a billionaire’s race 
to colonise parts of the Solar System. The aim is to 
make commercial space travel viable for all. 

“We hoping to do our first human flight in 
late 2017 and we're hoping to do our flight with 
commercial passengers in 2018,” an ambitious Bezos 
told an audience at the Museum of Flight in Seattle 
last October, of a schedule that remains on course. 
The idea is that passengers will climb aboard a 
space vehicle called New Shepard which will power 
skywards with 50,000 kilograms (110,000 pounds) 
of thrust, taking just 150 seconds to reach the outer 
bounds of our planet's atmosphere. 

Those lucky enough to grab themselves a place 
on one of the flights will be following in the 
footsteps of Alan Shepard, the first American in 
space. He made history on 5 May 1961 when he flew 
for 15-and-a-half minutes aboard the one-person 
Mercury spacecraft. Much like those who will 
be embarking on his namesake, he rocketed up, 
reached 187 kilometres (116 miles) before coming 
back down again. “Must have been pretty cool,” 
muses Bezos. 

The major selling points for those signing up 
for information on Blue Origin’s website are the 
stellar views that will be afforded to passengers and 
the incredible feeling of weightlessness once the 
main engine cuts off and the capsule separates to 
follow its own suborbital path. Blue Origin reckons 
the training will take mere days to complete 
rather than the years professional astronauts must 
endure. “That's because we don't have very many 
tasks,” said Nicholas Patrick, Blue Origin’s human 
integration architect, during a Q&A session at the 
Astronomy on Tap event in Seattle in January. 

But what will it be like on board? Blue Origin 
offered a peek inside the pressurised crew capsule 
during the 33rd annual Space Symposium in 
Colorado Springs at the beginning of April. The 
first thing visitors saw were six black, soft-leather 
chairs neatly positioned within the 15-cubic-metre 
(530-cubic-feet), padded interior. They are semi- 
reclined so once someone sits on one and swings 
their leg over to get comfortable, they are almost 
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Your Blue Origin flight 


Inside Blue Origin’s capsule 


Blue Origin opened the doors of its swanky 


0 fF | astronaut capsule to curious visitors 
we z . . 


The 
15 cubic 
metre (530 
cubic foot) capsule 
is more than big 
enough to seat six 
astronauts. 


Each 

astronaut has 

a seat and personal 

screen. In the centre 
is an escape motor 

which shoots the 
capsule away in 
an emergency. 


The 
high quality, 


a A 4 comfortable, 
reclining seats 
have Blue Origin’s 
tut feather logo 
on them. 
. Each window 
ad is designed to 


‘ allow 92 per cent of 
visible light in while 
minimising distortion 
and reflection for a 
perfect view. 
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lying down with their head nicely cushioned by a 
headrest. Since those on board will feel three times 
Earth's gravity on the way up and 5.5 times Earth's 
gravity on the way down, the chairs have been 
designed like those used in a helicopter. They help 
disperse the g-forces for added comfort. 

The chairs are positioned next to windows that 
are five times larger than that of a Boeing 747 
aeroplane, granting clear views of space and Earth. 
Each will be back-lit with a blue light, lending 
something of a sci-fi glow and they will have small, 
screens attached to them with useful, informative 
and fun information throughout the experience. 

Both the screens and the windows play important 
roles after the capsule has separated from the rocket. 
The screens will flash a message to tell passengers 
when it’s safe to unbuckle, leaving them free to spin 
around and fly, while the window frames will double 
as handles to make it easier to get around and back 
in the seat. During the period of weightlessness, 
those on board will be told to bear in mind the 
relatively cramped surroundings so that nobody gets 
hurt. “Zero-g etiquette will be part of the training,” 
Ariane Cornell, head of astronaut strategy and sales, 
told visiting journalists. Passengers will also be 


missions. “It's simpler, it's easier and it’s more 
comfortable,” says Patrick. Yet there will be no 
danger to the passengers because the cabin will be 
filled with air. An emergency oxygen system has 
also been fitted, just in case. 

There will be a fire extinguisher on board, 
along with an escape motor that would work 
autonomously should it ever be needed. It ensures 
the capsule is powered away from the rocket during 
an emergency, allowing it to float safely back down 
to Earth. Under normal circumstances, a warning to 
buckle up again will appear on the screens after four 
minutes of floating and passengers will get ready 
for the descent. They will also be informed of this 
crucial requirement through a communicator linked 
to Blue Origin's ground controllers. 

So where's the pilot? You may be surprised to 
learn there isn’t going to be one. Only the passengers 
will be in space, with the rocket and capsule 
controlled remotely and autonomously. Their main 
point of contact will be someone referred to as 
Crew member 7. “It'll be the same person who will 
be helping train you the day before you go up into 


Your Blue Origin flight 


space,” Cornell says, reassuring potential passengers 
that the flights will be filmed by a series of cameras 
around the capsule so these within the capsule will 
not be entirely without guidance. 

The cameras will also take care of any selfies but 
they will be the only real-world facilities on board. 
There will be no toilets or any sick bags, but Blue 
Origin doesn't believe they will be needed. After all, 
the journey, including preparation, will last around 
40 minutes. Passengers will simply be encouraged 
to nip to the loo beforehand or hold it in. 

All of this has been the product of a lot of hard 
work. Certainly, Blue Origin, which is based in 
Kent, Washington, has made good use of its test 
flight facility over in Culberson County, Texas. The 
company started to work on New Shepard soon after 
it formed in 2001 and, within five years, prototype 
engine and vehicle flights had begun, paving the 
way for full-scale engine development. The idea has 
always been to produce reusable rockets to allow the 
same equipment to be used over and over again in a 
bid to reduce costs. SpaceX has the exact same aim 
and it lets them both eschew the expendable rockets 


encouraged to socialise with each other beforehand. “An astronauts On board would have 
had a very nice journey into space and 
smooth return” Jeff Bezos 


In order to make those on board feel comfortable 
as they fly, they'll be able to get away with wearing 
lightweight flight suits rather than the heavier, 
bulkier space suits we associate with professional 


Blue Origin founder Jeff Bezos is 
at the Texan launch facility before 
New Shepard's very first voyage 
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Your Blue Origin flight 


And we have lift off: the fourth test launch of the New 
Shepard vehicle last June 


Having separated successfully and remained in free fall 
for four minutes, the capsule parachutes back to Earth 


of old, meaning there is no need to build new ones 
for each launch. 

New Shepard is certainly shaping up well. The 
booster will be fitted with the company’s powerful 
BE-3 engine that uses liquid hydrogen and liquid 
oxygen as a propellant and it will power the rocket 
with the capsule fixed to its top. When the capsule 
separates, it'll enter four minutes of free flight and 
then fall, floating back to Earth with the aid of three 
huge parachutes. The booster will land separately, 
finally coming to rest on its four legs. 

The first developmental test flight took place on 
29 April 2015, with the capsule powered to 94km 
(58 miles) at a Mach 3 speed before coming back 
to Earth without a hitch. “Any astronauts on board 
would have had a very nice journey into space 
and smooth return,” Bezos said at the time. A fault 
meant that the rocket didn't survive the landing 
and it wasn't recovered but a second attempt that 
November was successful. Bezos was elated. 

“Blue Origin’s reusable New Shepard space vehicle 
flew a flawless mission—soaring to 329,839 feet 
[100.5km (62 miles)] and then returning through 
119-mph (191km/h) high-altitude crosswinds to make 
a gentle, controlled landing just four-and-a-half 
feet from the center of the pad,” he said, praising 
the unique ring fin of the rocket which shifts the 
centre of pressure to help control re-entry and shift 
as well as expressing pleasure that the drag brakes 
were able to reduce the vehicle's terminal speed to 
622km/h (387mph) before it descended the final 30 
metres (100 feet) at 7km/h (4.4mph). 

A third test took place last January, with the 
rocket again landing vertically as its launch site, this 
time by targeting the centre of the pad but using 
it merely as a guideline. “It's like a pilot lining up 
a plane with the centreline of the runway,” Bezos 
explained. “If the plane is a few feet off centre as 
you get close, you don't swerve at the last minute to 
ensure hitting the exact mid-point. You just land a 
few feet left or right of the centreline.” It was a giant 
leap for commercial spaceflight. 

How much all of this will cost, though, remains 
a guarded secret. The likelihood is that it will be 
at least $100,000 (£77,363), although it could be 
much more (Virgin Galactic, which is also offering 
suborbital flights above the Karman line, is charging 
$250,000 (£193,358)). Commercial companies will be 
approached to take scientific payloads up and that 
may help to bring the costs down. Indeed, the third 
test contained two microgravity experiments for 
the Southwest Research Institute and the University 
of Central Florida. The more flights there are, the 
cheaper it will become. 

One thing's for sure: the edge of space is the limit 
for New Shepard. Those wanting to go into orbit 
with Blue Origin will have to wait while it develops 
a family of orbital rockets called New Glenn which 
Bezos says fits his vision of “millions of people 
living and working in space” rather than fleetingly 
visiting (it's named after John Glenn, the first 
American to orbit Earth). That will put it in greater 
direct competition with SpaceX which is very much 
focussed on getting humans and equipment into 
orbit and Bezos is relishing the challenge. “If we can 
make access to space low cost, then entrepreneurs 
will be unleashed,” he says. “Believe me, that’s fun.” 
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What it'll be like to fly on board 


How will it feel and what will passengers 
experience during their 11-minute flight? 


Side hatch 
Passengers will be 
able to enter and leave 
the capsule using this 
A j side hatch, entering a 
. . . 
‘ % pressurised cabin to 


a The take their seats. 
? joy of floating 


in space 
After the capsule has 
separated, there will be 
four minutes of free flight. 

During this point passengers 
can unhook their straps 
and experience 
weightlessness. 


Amazing 

views of the 
Earth 

The capsule will go as high 

as 100km (62 miles) which 

means passengers will be at 

the edge of space, providing 

perfect views out of 

the capsule’s huge 
windows. 


Your Blue Origin flight 


“One thing's for 
sure: the edge of 
space is the limit 

for New Shepard” 


An escape system 

If a problem is detected during the 
ascent, a solid rocket motor fires for two 
seconds, separating the crew capsule 
from the booster. The parachutes will 
deploy to bring it back down. 


Three parachutes 

Three parachutes are stored 

at the top of the capsule, 
providing redundancy. They 
can operate under both normal 
and abnormal conditions. 

A feeling of 
heaviness again 
During deceleration and 
with everyone strapped back 
in, Blue Origin says passengers 
will experience about five times 
the force of gravity but not for 
long - the human body can 

only withstand that for 
two minutes. 


Large toughened 
windows 

No other spacecraft has 
windows as large as New 
Shepard. They are made 
up of layers of fracture- 
tough transparencies. 


The ring fins 
Once the capsule 
has separated, 
this ring is better 
exposed. Air can 
flow through 

it, helping the 
rocket to control 
its descent by 
shifting the centre 
of pressure. 


Drag brakes 

These square sections flip open 
to form the drag brakes, allowing 
the rocket to cut its speed in half 
- vital when it’s initially travelling 
at the speed of sound. 


Y The wedge fins 
~~) Wedge fins also deploy 
as the reusable rocket 
descends back to Earth. 
Blue Origin says it enhances 
aerodynamic stability. 


Base fins 


Smoothly 
floating down to 
Earth 
Once the capsule drops to a 
height of six kilometres (3.8 
miles), three independent 
parachutes will deploy, 
slowing it down in 
preparation for a 
gentle landing. 


These extra fins are used to stabilise 

the rocket when it's ascending into 

space. They also allow the booster to 
¢ be steered back to the landing pad. 


A feeling of 
great heaviness 
As the BE-3 engine powers 
New Shepard with 50,000kg 
(110,000lbs) of thrust, 
passengers will be pinned into 
their seats, experiencing three 
times the force of gravity 
- which is actually less 
than some rides. 
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feather dominates the 
side of the booster 
and it symbolises the 
grace and power of its 
design and function. ‘ 


Pretty livery 


This image of a 


_ The booster's legs ® 
“~» These legs will deploy 
+ when the booster is coming 
in for a vertical landing, 


ensuring its stability. 


cushioned 
touchdown on Earth 
As the capsule approaches 
land somewhere in the West of 
Texas, the retro-thrust system 
will lead to a cushioned, 
safe landing for all of the 
passengers. 
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Astronomer Royal, 


Lord Martin Rees 


The astronomer talks sending messages to an alien civilisation 
and why he thinks aliens will use robots to conquer space 


Interviewed by Paul Sutherland 


A number of projects are involved in the search for 
extraterrestrial intelligence (SETI). Do you believe 
this is a search worth doing, or do you think 
resources are better spent elsewhere? 

I think SETI is worth doing, but, of course, we don't 
know how much life there is of any kind beyond 

the Earth. We know that there must be billions of 
planets like the Earth but not how likely it is that 

life started on them. We will know whether there is 
any simple life, I think, in ten or 20 years. But even 

if simple life were common, then whether any of it 
evolved into intelligent life is another uncertainty. 
But it's obviously such a fascinating question and 
when people learn that I'm an astronomer, it’s the 
one question they are most likely to ask. | am very 
glad there are people who are helping to develop a 
deeper search than we've had up to now for evidence 
of any artificial transmissions or any artefacts that we 
should find out there, so I'm in favour of the search. 


When it comes to what form an alien being 
might have, you think they might be intelligent 
machines rather than like ourselves. Why is that? 
Obviously it makes sense first to look at Earth-like 


planets for something like our civi 


think it’s far more 
quite different fro 
electronic and no 
by some long exti 


likely for anythi 


nct civilisation. I 


isation but I do 
ng we detect to be 


m us, probably something that is 
organic at all, and possibly created 


's quite plausible 


that within a few centuries entities of that kind will 


have developed that are beyond wl 


achieve, and they 


will have a billio 


hat humans can 
n-year future 


ahead of them. So if we imagine that life elsewhere 


won't be fully syn 


chronised with life here and its 


evolution, then it's unlikely that we would catch it in 
its brief organic phase. 


There have been recent suggestions, first about 
the possible detection of an artificial structure 


"I think it’s going to be only when we find 
something that is really unusual... that we 
will take this seriously" 


‘Billions of planets resembling Earth 
‘could exist elsewhere in the universe 


called a Dyson sphere to explain the peculiar 
behaviour of one star, and then more recently that 
gamma ray bursts could be line-of-sight flashes 
from alien, light-powered interstellar spacecraft. 
Well I think both those claims are pretty unlikely 
because obviously you need extraordinary evidence 
before you could believe that we were detecting 
something artificial, and there are much more 
plausible natural explanations for both those 
phenomena. So I think it’s going to be only when we 
find something that is really unusual, such as narrow- 
band signals that vary in a funny way, or something 
that is manifestly an artefact, that we will take this 
seriously. But we should look by all possible methods 
- optical, radio, X-ray flashes and everything. 


Humans have been accidentally leaking radio 
signals into space for nearly a century. But should 
we be deliberately beaming messages into space? 
It is certainly true that we could send a transmission 
that would reach further into space than the signals 
you mentioned, and therefore perhaps be something 
that would make the Earth detectable, and some 
might worry about that. I find it hard to take these 
worries very seriously because I suspect that if 
there are these post-human intelligences out there, 
they probably know all about us anyway. So I can't 
get excited about that, but I know there are people, 
particularly a science fiction writer, David Brin, who 
has written it is very dangerous that we should send 
any transmission to attract attention to ourselves. 


Robotic probes have been very successful in 
exploring the Solar System, how do you foresee 
human advances in the exploration of space? 
Well, the reason humans haven't been further than 
low-Earth orbit in the last 40 years is that it’s hugely 
expensive. It was only done during the Apollo 
program, at a time when NASA was getting over four 
per cent of US federal budget compared to 0.6 per 
cent today, as a political stunt to beat the Russians. 
Obviously if the Americans or the Chinese wanted 
to devote those resources, they could do something 
similar. But I think the practical case for sending 
people into space has got weaker because robots and 
militarisation have got much better. Already we've 
seen robots like Rosetta that went to Comet 67P, and 
New Horizons which beamed back pictures from 
Pluto, 10,000 times further away than the Moon. 
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Lord Martin Rees 


INTERVIEW BIO 


Lord Martin Rees 
Astrophysicist Lord Martin 
Rees is the recipient of over 
ten awards, fellowships 
and visiting professorships, 
including the Gold Medal 
of the Royal Astronomical 
Society, the Albert Einstein 
World Award of Science 
and the Dannie Heineman 
Prize for Astrophysics. 

He has made important 
contributions to the origin 
of the cosmic microwave 
background radiation, 
galaxy clustering and 
formation and his studies of 
quasars led to the eventual 
disproof of the Steady 
State theory, an alternative 
explanation to the 
evolution of the universe. 
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The other thing to remember is that those two 
probes were using 1990s technology because they 
took ten years on their journey and five years in the 
planning. If you think of how our smartphones have 
evolved in 15 years, you realise how much better 
we could do now, and how much better still in the 
future. My scenario would be that the Solar System 
will be explored by huge numbers of miniaturised 
robotic probes, more advanced versions of New 
Horizons and Rosetta. Also there will be huge robotic 
fabricators building big structures up in space, things 
far too big to launch in one go, and that will be an 


important new industry. But that won't need humans. 


So the case for sending up humans is only as 
a sort of adventure or spectator sport, and what I 
think will happen is that the lead there will be taken 
by private companies, like SpaceX and Blue Origin, 
which can afford to take higher risks than NASA 
could impose on civilian astronauts. Remember that 
the Shuttle was launched nearly 140 times and failed 
twice, a less than two per cent failure rate but each 
of those failures was a big national trauma, whereas 
if private adventurers like those who climb Everest 
and such like have that sort of risk, that’s fine. If they 
come to a bad end then we just mourn brave and 
resourceful people and go on. 
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“People who go will be intrepid explorers... 


I think it's something that we must very 
much hope for. We should cheer them on" 


Nonetheless, I hope some will, and I certainly 
hope that by the end of the century there will be a 
community of people living on Mars. They will be 
adventurous types of people who want to do difficult 
things, because we shouldn't kid ourselves that living 
on Mars would be comfortable, and it's a dangerous 
delusion to think it offers an escape from the world's 
problems. People who go there will be intrepid 
explorers. But I think it's something that we must 
very much hope for. We should cheer them on. 


You believe we should be spending more on 
safeguarding ourselves against asteroid collisions. 
How big do you see the threat of an impact? 

Well, of course, those risks are among the few that 
we can quantify. We know how probable impacts 

by rocks of different sizes are, and the biggest threat 
is from the rare big ones. I think if you do a normal 
calculation, working out the probability and the 


Earth-like exoplanets could 
harbour intelligent life capable 
of advanced technology 


consequences and what insurance premium you 
should spend to reduce that risk, you come up with 
a number like £100 million or £200 million a year. 
That's the kind of premium that would be worth 
spending to reduce the risk of an asteroid impact. 
And so it is good that there is talk about doing 
this and spending money in two different ways. 
One way is to do a more complete survey so that we 
can monitor the orbits of all the asteroids down to 
about 15 metres across, not just the very big ones, 
and so be alert to any that might be on orbits that 
could crash into the Earth. The other is to think a bit 
more about the technology to deflect them if they 
do get too close. So I think it’s worth some effort, but 
hat risk doesn't keep me awake at night. I am far 
more worried about the risks which are emergent, 
such as bio, cyber, AI, nuclear and all that, because 
hey are risks that didn’t exist in the past and are 
getting bigger year by year, and are now for more 
hreatening than these natural risks which are non- 
zero but no bigger for us now then they were for the 
Neanderthals or indeed for the dinosaurs. 


Following on from that, are you optimistic or 
pessimistic about the future of humankind? 
would describe myself as a technical optimist but 
a political pessimist, in that I think we have the 
echnology to ensure that 9 billion people by mid 
century could lead better lives than we do now, and 
he question really is whether the political system 
will scupper that. I think the kinds of risks that I 
have highlighted in some of my books and papers, 
which is a growing one, is these new technologies, 
especially biotech, and cybertech. It is possible to 
monitor the places where a nuclear bomb may be 
constructed, because building a bomb requires 
special purpose, large facilities. However, the kind of 
dangerous pathogens which could be constructed 
involve fairly modest equipment that is widely 
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“I can remember when even the idea of a 
Big Bang was controversial, where as now 
we can talk in detail about the conditions” 


available in universities and industries for other 
purposes, and I think it is going to be very hard to 
ensure that there is no misuse of those facilities. 


Do you think we are getting closer to answering 
fundamental questions about universe? 

Well we've made tremendous progress on all topics 
from understanding the very early Big Bang to 
discovering planets around nearby stars. There's been 
a huge amount discovered in the last ten years, and 

I think the next ten years will be equally exciting. Of 
course, discovery is an unending quest, and as the 
subject advances, questions that were controversial 
get settled. I can remember when even the idea of a 
Big Bang was controversial, whereas now we can talk 
in detail about what the conditions were like back to 
a nanosecond after the very beginning. We have very 
good data on all that and we've found evidence for all 
these planets around stars, and so I'm hopeful that 
this progress will continue at a high rate. 
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Computers are crucially important, not only for 
handling large data sets, but also for allowing us to 
do simulations. The handicap in astronomy is we 
can't do experiments on the stars and galaxies, we 
can't explode them or crash them together, but we 
can do that [on] our computer. Our understanding 
has been hugely enhanced by the capacity to do 
quite realistic simulations. That has [been] especially 
important in accelerating the progress. So Iam 
certainly very optimistic. 


Do you think we will discover why we are here? 
Well that's a different sort of question isn't it? We 
might understand more about ourselves and how 
our brains work and how we began and right back 

to the beginning, and if there’s any reason why the 
universe is expanding the way it is with its particular 
ingredients, we'll understand that better. But of 
course if you think of the why question in a religious 
sense, that’s not part of science. 


Lord Martin Rees 


Rees at the Institute for Theoretical Astronomy at the 
University of Cambridge 


Science fiction writer David Brin 
believes that transmitting messages 


into space is a dangerous endeavour 
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the National Space Centre (Seas 
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Since the asteroid dates back to 

the formation of the Solar System, 

Sophie Cottis-Allan astronomers will turn detective in 

National Space Academy 

Education Officer 

Sophie studied 

astrophysics at 


« '. 
' _ university. She has 
. aspecial interest in 
astrobiology and 
pcs od 
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planetary science. 


organic materials it may contain. 


Josh Barker 
Education Team 
Presenter 
Having earned a 
master's in physics 
and astrophysics, Josh 
continues to pursue his 
interest in space at the 
National Space Centre 
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Tamela Maciel 


Space Communications 
Manager 

Tamela has a degree in 
astrophysics and writes 
for the National Space 
Centre Blog. She has 
eight years’ experience in . 
science communication. j . 
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Science Writer 

Robin has a degree 

in physics with space 
technology anda 
master's in hybrid rocket 
engine design. He 
contributes regularly to 
All About Space. 


There's an opportunity to 
practice manoeuvres 
Bennu will allow scientists to practice 
navigating a craft around an-asteroid. 
Since the gravity is low and there's 
pressure from sunlight, it will provide 


ample teaching material for engineers. 
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Bennu is a primordial goldmine 


piecing together clues from the historic 


Update your knowledge at 


It could fuel 
future space missions 
There is a good chance that Bennu 
will contain a fuel source, pointing 
to the possibility of spacecraft using 
. asteroids to ‘gas-up’, letting them 
travel much further in the future. 


9 asteroid Bennu? 


Josh Hooper 
It may hit Earth one day 
There's a one in 2,500 chance that 
Bennu will collide with Earth in the late 
@ 22nd century. But by tracking NASA's ~ 
wae OSIRIS-Rex mission as it orbits the 


asteroid, its path and characteristics 


Companies are can be better measured and predicted. ° 


seeking to mine it 
With its rich source of minerals, there 
is a clamour among companies and 
governments to take advantage of 
the resources that asteroids have to 
offer, and they'll be keenly watching. 


Make contact: @ @spaceanswers f /AllAboutSpaceMagazine @ space@spaceanswers.com 
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[* DEEP SPACE 


Keith Ferdowsian 
The low-pressure environment would 
likely cause any liquid in the food to 
boil and evaporate away. This would 
produce a cooling effect, which is 
what would freeze the food. Due to 
the lack of an atmosphere and the 
fact that space is generally considered 
to be cold, it is difficult to transfer 
heat away from an object. This 
means that, typically, internal heat 
can be reasonably well maintained. 
The human body, for example, is 
more at risk from excess body heat. 
The issue of heating can also be 
exacerbated by sunlight - with no 
atmosphere to absorb energy of 
sunlight, being directly-lit can result 
in high temperatures being reached. 
This combination makes space a very 
tricky environment to work in. SA 


<4 SPACE EXPLORATION 


If you threw a piece 
of food into space, 
would it freeze? 


Do spacecraft slow down when 
they leave Earth's atmosphere? 


Serena Fox 

In order to leave the Earth's 
atmosphere a spacecraft needs to 

be travelling very quickly. In the 
atmosphere a spacecraft experiences 
drag, which would slow it down 
enough and eventually bring it back 
to Earth. Having a spacecraft leave the 
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Earth’s atmosphere means it can stay 
in orbit for some time without needing 
constant thrust from an engine - 


therefore saving fuel. 

To maintain an orbit above the 
Earth’s atmosphere you need to be 
traveling thousands of kilometres an 
hour. The International Space Station 


The Earth's 
atmosphere causes 
significant drag 


sits around 400 kilometres (248 miles) 
above the Earth, to maintain its orbit it 
must travel at 27,600 kilometres (17,149 
miles) per hour. Even at this height 
there is still a tenuous atmosphere that 
erodes the Space Station's orbit so it 
must periodically re-boost to a higher 
orbit to prevent crashing. JB 


Internal heat can be 
maintained in space, 
but external cannot 


You can only use red torches to protect 
your night vision 

Are there other 
types of torches I 
can use to protect 
my night vision? 
Nate Payne 

Sadly, only red torches. When 
stargazing, protecting your night 
vision can really improve results. 

The easiest way to do this is to avoid 
any extra light, however this can be 
impractical. So, when using light in 
torches, the best light to use is red. 
This can easily be achieved with 

some simple red filters, transparent 
plastic or something similar, allowing 
for a cheap, essential and easy-to-use 
tool for reading star charts and maps 
without compromising your night 
vision. Receptors in your eyes are less 
sensitive to longer wavelength red 
light. Due to this lack of sensitivity, the 
chemical responsible for night vision 
doesn't get bleached out allowing us to 
see better in low-light situations. JB 
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What'sthe biggest starI . 
can see with the naked eye? 


David. Vine 

The biggest star visible to the naked 
eye from Earth is Mu Gephei and 
can be found in the constellation 

of Cepheus. Mu Cephei is a red 
supertgiant that hasan apparent 
magnitude of four, which sits just 
above the naked eye limit of six so 
while visible, it will appear dim and 
will not be viewable in areds with 
lots of light pollution. Mu Cephei is 
one of the largest stars that we‘know 
of ~its radius is 1,200 times greater 
than that of our own Sun. To put that 
in context, the surface of Mu Cephei 
would reach the orbit of Jupiter. JB 


Planets all gained their moons at some 
point in the distant past 


Could a planet gain 


another moon? 


Julian Cherry 

Yes, absolutely. Solar systems are 
dynamic, chaotic places with planets, 
moons, and smaller debris all orbiting 
a central star along complex paths that 
sometimes collide. When collisions 
happen, debris is flung into a ring 
around the largest body, which can 
over time clump together to form a 
moon. We think this how our Moon 
formed despite there being some 
debate about whether it formed from 

a Mars-sized object slamming into a 
young Earth (the ‘big-splat’ theory), or 
from many, smaller collisions that built 
up the Moon over time. 

It's also possible for a planet to 
capture a moon without a collision. If a 
small object, such as an asteroid, strays 
just a little too close to a larger planet, 
then it can be caught by the planet’s 
gravitational pull and pulled into orbit 
as a new natural satellite. SA 
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Most media shows 
Al taking over as 
a bad thing - and 
quite scary, too! 


The Garnet Star, Mu 
Cephei, is one of the 


largest starsinthe sky + 


> 


Mu Cephei ® ¢ 


Cepheus 


4 SPACE EXPLORATION 


Will robots take 
over the Space 
Station, replacing 
human astronauts? 


Jack Partridge 

Having recently watched 2001: A Space 
Odyssey, where a sentient computer 
attempts to take over a spacecraft 

at the expense of its human crew, 

I certainly hope not! However, the 
reasons go deeper than this. Much of 
the research done on the International 
Space Station is biomedical and based 
around how the human body adapts 
to the lack of gravity. This research 
also helps us understand and treat 
health problems back here on Earth. 
Without humans, this vital medical 
work wouldn't be possible, and so its 
doubtful we will ever see an entirely 
robotic space station crew. 

That being said, NASA and other 
space agencies do use artificial 
intelligence on spacecraft and rovers 
to help them fly autonomously and 
make small decisions without human 
input. So a realistic future scenario is 
one where robots, artificial intelligence, 
and humans all work together in sync 
beyond the orbit of Earth. TM 


Questions to... @ @spaceanswers f /AllAboutSpaceMagazine @ space@spaceanswers.com 
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What causes the Sun 
to lose its sunspots? 


Kenneth Styan 

A sunspot is a short-lived dimmer, 
cooler patch of the Sun's surface 
caused by high concentrations of 
magnetic field. These areas have 
lifetimes that range from a few days 
to a few weeks and are dispersed as 
the magnetic field of the Sun moves 
and shifts. Any concentrations of the 
magnetic field are soon balanced out 
by pressures from the rest of the field, 


4 


Annie Phelan 

Comets may have played a key role in 
delivering water and organic molecules 
to Earth in the early days of our Solar 
System, and, yes, we probably wil 
send another mission to a comet in 
the future. But not in the near future, 
because of the amazing treasure-trove 
of data we've just acquired from the 
Rosetta mission. Rosetta arrived at 
Comet 67P-Churyumov-Gerasimenko 
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which causes sunspots to disappear. 
We are currently in a cycle of the Sun 
we call the Solar Minimum - during 
this time, the number of sunspots 

is at a low, in fact we can go several 
weeks without seeing any grace the 
solar surface. This period follows a 
regular 11-year cycle, which tracks 
levels of solar activity. As the Sun gets 
mote active we see more flares and 
more sunspots. JB 


Comets helped 
bring water and 
organics to Earth 


Will we ever return to a comet? 


in August 2014, landed Philae on the 
comet in November 2014, and spent 
the next two years studying 67P inside 
and out as it circled around the Sun. 
Sadly the Rosetta mission came to an 
end in September 2016, but not before 
we received final, close-up images as 
it descended to the surface. This data 
continues to be analysed and may yet 
unlock new discoveries about comets 
and their role in the Solar System. TM 
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Where is 

the coldest 
nebula in the 
universe? 


Sonny Cooper 


Cat's Eye Nebula 
Temperature: Up to 80,000°C 
The temperature of the Cat's Eye 
Nebula varies, with its outer halo 
around 15,000°C (27,000°F) 
and its central nucleus reaching 
80,000°C (144,000°F). 


Red Spider Nebula 
Temperature: Up to 9,700°C 
Although its powerful, hot wind 
may top 9,700°C (17,500°F), 
the central white dwarf of the 
Red Spider Nebula may reach 
250,000°C (450,000°F). 


Cosmic Microwave 
Background 
Temperature: -270°C 
The Cosmic Microwave Background 
shines in the microwave proportion 
of the electromagnetic spectrum 
and is invisible to the naked eye. It 
fills the entire universe. 


pace 


NGC 2440 

Temperature: Up to 200,000°C 
The central object in this extremely 
bright planetary nebula is thought to 
be the hottest-known white dwarf, 
reaching 200,000°C (360,000°F). 


Crab Nebula 

Temperature: Up to 17,700°C 
Centred on the Crab Pulsar, this 
nebula’s oval-shaped filaments are 
thought to reach temperatures 
between 11,700°C and 17,700 °C 
(19,300°F and 31,900°F). 


Coalsack Dark Nebula 

Temperature: Around -170°C 
The Coalsack is a ‘dark nebula’, 
characterised by low temperatures 
and being so dense that it obscures 
the light from objects beyond it. 


Boomerang Nebula 
Temperature: -272.15°C 

When measured by the European 
Southern Observatory in Chile in 
1995, they realised that is a couple 
of degrees cooler than the cosmic 
microwave background - the faint 
afterglow of the Big Bang. 


© Alamy; NASA; Bill Ingalls; NOAA; SDO; ESA; ATG medialab; K. Noll (STScI); Hubble; Garrelt Mellema; J. Hester; A. Loll (ASU); ESO; WMAP Science Team 
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like on ot 


to have one, but they are all quite different 


Our atmosphere is a mixture of 78 per cent nitrogen, 
21 per cent oxygen, 0.9 per cent argon, and 0.1 per 
cent of other gases, including carbon dioxide. The 
majority is not oxygen, but even though we can't 
breathe the rest, nitrogen is important for plant 
growth and the 79 per cent inert gases prevent _ 
the reactions that would happen in a 100 per cent 
oxygen atmosphere. The mass of atmosphere leads 
’ to the atmospheric pressure we experience at 
ground level, which combined with the thermal 
- insulation, and protection from radiation it also 
_ provides, makes it possible for liquid water, and 
therefore life, to exist. Our atmosphere is not equally 
distributed either, 83 per cent of it is in the first 11 
kilometres (6.8 miles), called the troposphere. ~ 
Mercury has a very minimal collection of gases, 
being so small and so close to the Sun. Venus, 
however, makes up for this with a mostly carbon 
dioxide atmosphere. A greenhouse effect leads 
to a surface temperature of 462 degrees Celsius 
(863 degrees Fahrenheit), and calculations suggest 
the density would bend light around the horizon, - 
making it possible to potentially ‘see’ around the 
planet. However, a clear day is unlikely as Venus is 
continually covered in clouds of acid. Despite this, 
Venus may still be a good destination for humans, 
the conditions at 50 kilometres (31 miles) altitude 
are around one Earth atmosphere and 25.degrees 
Celsius. We could build floating balloon cities above 
the clouds, sat atop the dense gases below. 


Though Mars offers us a surface, its atmosphere is , 


something of a disappointment. Mars’ smaller size, 
lower gravity, and lack of magnetic field has lost 
much of its atmosphere to space. The lower density 
results in an average surface pressure 0.6’per cent 
that of Earth's, requiring more or less full space suits 
for surface operations. Though we have observed 
active weather, including clouds of water and carbon 
dioxide ice, dust storms, and even ae dioxide 
snow at the south pole. 
The other atmosphere of interest to humanity 
is on Titan, it is the only other majority 
nitrogen atmosphere we know of outside Earth. It’s 
also the only moon with a substantial atmosphere, 
a similar surface pressure (1.45 times Earth's), and 
where a liquid exists. That liquid is a mixture of 
methane and ethane, which seem to be equivalent 
to Earth's water, forming seas, rivers, and clouds 
which give rise to (due to Titan's low gravity, 14 per 
cent of Earth) huge slow motion raindrops. RH 
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VENUS 


JUPITER 


What are the atmospheres 
er worlds? — 


Earth is not the only body in the Solar System 


EARTH 


SATURN 
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Layers of atmosphere . 
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\ GUIDES AND ADVICE TO GET STARTED IN AMATEUR ASTRONOMY 


In this issue... 


What's in the sky? “ Summer's 


Stunning sights are on offer this deep sky delights 
June for all levels of astronomer Nebulae and galaxies visible 


- don't miss them! during the warmer months 


How to... 
Observe Titan 
Get the best views of Saturn's 
largest moon this month 


Deep sky challenge 
Turn your telescope to 
Hercules, Ophiuchus and 
Serpens for our tour 
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Conjunction between 
Venus and Uranus at 
a separation of 1°46’ 
in Pisces 


Conjunction between the 
Moon and Makemake at a 
separation of 27°13’ in Virgo 
and Coma Berenices 


10 


JUN 


The Moon and Saturn 
make a close approach, 
passing within 3°04 of 
each other in Ophiuchus 


Conjunction between the 
Moon and dwarf planet 
Eris at a separation of 
8°17' in Pisces and Cetus 


Moon tour 


Venus and Uranus 
make a close approach, 
passing within 1°41' of 
each other in Pisces 


Venus is at dichotomy, 
reaching a half phase 
in the dawn sky 


12 


JUN 


Comet C/2015 V2 Johnson) 
makes its closest approach 
to the Sun, glowing at 
magnitude 6.9 in Bodtes 


20 


JUN 


The Ophiuchids 
reach their peak 
of five meteors 
per hour 


This month's 


How to... 


Venus reaches 
greatest elongation 
west, at magnitude 
-4.3 at dawn 


> UN 


Comet C/2015 V2 
(Johnson) should 
reach its brightest at 
6.8 in Bodtes 


1 2 


Conjunction between 
the Moon and Pluto 
at 2°16’ separation in 
Sagittarius 


Conjunction between 
the Moon and Venus 
at a separation of 
2°22' in Aries 


The 'Sea of Showers’ puts on a 
particularly stunning display 
this June 


The Northern 
Hemisphere 
A complete guide to what you 
can observe this June 


naked eye targets 
Don't have a telescope? You can 
still enjoy the sky this evening 


/ Me &My 
Telescope 
The very best of your 
astrophotography images 


Make a solar telescope 
Modify your instrument for 
spectacular views of the Sun 


Telescope 
and kit reviews 
We put astronomy kit to the 
test before you buy 
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Conjunction between 
Venus and dwarf planet 
Eris at a separation of 
10°35’ in Pisces and Cetus 


E, UN 


The Moon and Jupiter 


passing within 2°11' of 
each other in Virgo 


10 


bag 
Conjunction between the The Ophiuchids reach 
Moon and dwarf planet their peak of five 
Haumea at a separation of meteors per hour 


25°23’ in Virgo and Bootes 


16 


i 3 JUN 


Saturn reaches 
opposition, shining 
at magnitude O in 
Ophiuchus 


passing within 0°41' of 
each other in Aquarius 


<@ Naked eye 
A® Binoculars 


& Z0 


The Moon and Venus 
make a close approach, 
passing within 2°16' of 
each other in Aries 


Jargon buster 


Conjunction 

A conjunction is an alignment of objects at the same 
celestial longitude. The conjunction of the Moon and 
the planets is determined with reference to the Sun. A 
planet is in conjunction with the Sun when it and Earth 
are aligned on opposite sides of the Sun. 


Right Ascension (RA) 

Right Ascension is to the sky what longitude is to 

the surface of the Earth, corresponding to east and 
west directions. It is measured in hours, minutes and 
seconds since, as the Earth rotates on its axis, we see 
different parts of the sky throughout the night. 
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make a close approach, 


S 
ay 


The Moon and Neptune 
make a close approach, 


*k Small telescope 
«3 Medium telescope 
“> Large telescope 


at 


Declination (Dec) 

This tells you how high an object will rise in the sky. 
Like Earth's latitude, Dec measures north and south. 
It's measured in degrees, arcminutes and arcseconds. 
There are 60 arcseconds in an arcminute and there are 
60 arcminutes in a degree. 


Magnitude 

An object's magnitude tells you how bright it appears 
from Earth. In astronomy, magnitudes are represented 
on a numbered scale. The lower the number, the 
brighter the object. So, a magnitude of -1 is brighter 
than an object with a magnitude of +2. 


Opposition 

When a celestial body is in line with the Earth and Sun. 
During opposition, an object is visible for the whole 
night, rising at sunset and setting at sunrise. At this 
point in its orbit, the celestial object is closest to Earth, 
making it appear bigger and brighter. 


Greatest elongation 

When the inner planets, Mercury and Venus, are at 
their maximum distance from the Sun. During greatest 
elongation, the inner planets can be observed as 
evening stars at greatest eastern elongations and as 
morning stars during western elongations. 


tracking down some of t the: 


Written by Stuart Atkinson / * : ox 


Many astronomers and 
sky-watchers go into a 
reverse hibernation during i 
the summer months because 
they think there's nothing to 
see. They're wrong; although the 
summer sky never gets anywhere 
near as dark as the winter sky, it gets just 
dark enough for many beautiful objects to * 
be seen - clouds of gas called nebulae, sparkling 
star clusters and beautéful spiral galaxies. . 
Nebulae are fascinating places where new stars 
are being born, or where old stars are illuminating 
gas around them. Star clusters are groups of stars 
all flying through space together. Spiral galaxies are 
* vast collections of bilffons of stars. Although you 
might see the brightest of these so-called 'deep sky 
objects’ through your telescope from your garden, 
they'll look so much more beautiful if you go into 
the countryside, to somewhere properly dark,  « 
unspoiled by light pollution. Then you'll see the’ 
Milky Way in all its*glory, airbrushed acrosg the sky, 
and will be able to find lots of deep sky objects too. 
It's very important to look for these objects with 
realistic expectations. Photographs of nebulae, 
clusters and galaxies often show spectacular shades 
of red, green and purple gas and dust. However you 
won't see these colours through any telescope, no 
matter how big it is: all you'll see looking at galaxies 
and nebulae are cloudy smudges of grey. As with 
much of astronomy, the thrill comes in knowing 
what you're looking at, not from the view itself. 
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The lighter, warmer months are th 


| Visible all night during summer 


With a pair of binoculars, Bode’s Galaxy 
looks like a small, oval-shaped patch of 
light. In a telescope it is much bigger and 
brighter, with two very obvious spiral arms 
winding away from its compact centre. Big 
telescopes reveal clumpiness in the arms. 


’ 


Choose a good © 
place to stargaze 
Somewhere with no lights, 
no passing traffic, and no 
large obstructions on the 
horizon (trees, buildings, 
hills) is the best place to _ 
stargaze from. ; 


tie 
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-* 0 = | Summer nebulae; 
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: * . 
: 
* * * 
z . rt - 
Owl nebula (M97) * i . . ; 2 
Visible all night all through summer ¥ * ‘ i 
Through small telescopes it looks like an out of focus . “3 ‘ " 
star, and even in a 6" telescope under a dark sky it is a : ° . 
round smudge. A 10” or larger telescope will show it as ¥ 
around misty cloud with two darker regions inside it. . 
bap 
‘* ‘“ 
; > =a ° 
1: 
F287 o* 7 ; 
ee ‘ ; e' » . ¢ . > 
: Pegasus : : * + 
Globular Cluster Messier 15 44 . oP 6. .. Bw. oe , Bs. es 
Visible throughout the night during summer > le Ass orn Me et J : a fF 4A) ‘ 5 ©: 
Between 12 and 13.2 billion years old, M15 is just a little ah ; oo , A . ya if 
younger than the universe itself! In binoculars it is - rates see ‘ eS, Se *. -e ‘ 
merely an out-of-focus star. The larger the telescope, with wy : : : 0 ae oa 2 
the more stars you will see in this lovely cluster. Bye . . : . = ‘ 
. ‘ 
. : ae 
Aquarius 
é t - Best visible throughout the night in July ; 3 oe ; é ee 
g Z @ ° You thight be able to see M17 out the corner Si. p pt eee ARS hes 

Saturn Nebula (NGC 7009) * Sacltanem of your eye as a tiny smudge ona really Poug *. 
Visible throughout the night during summer : ame i e, | clear night, but binoculars will show it much 
Looking at this planetary nebula through a small ey , better. A.telescope resolves the nebula'’s . 
telescope it looks like a tiny slightly green-hued out- se shape, and helps explain why it is named rata 


of-focus star. But through larger telescopes the nebula (= after the last letter of the Greek alphabet: * 
begins to resemble Saturn, with faint ‘arms’ around it. . $ 


Make the most 
of your peripheral 
ion 


Minimum : 
: . Having found your nebula, 
EVEN HE colaxy or cluster, you may find 
SS that it’s difficult to see when you 
Telescope look directly at it. Use averted 
Ag Binoculars vision and look slightly away 
from your target for 


<® Naked eye good views. 


Lyra 


Almost overhead all through the 

night between July and September 

Telescope M57 looks like a tiny pale 

smoke ring, and bigger telescopes Cigar Galaxy (M82) fe.0) 

reveal clumps in the ring, and the star Visible all night during summer 

in its centre. Through binoculars, you'll M82 looks like a tiny, faint line of mist through 

see a tiny blurry disc. binoculars. It's nickname comes from the long cigar-like 
shape as it appears through large telescopes. 
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through to September. . 


5 0 
Vulpecula 


@ 


ve) ; e 


Dumbbell Nebula (M27) 44 
Visible all through the night during summer 
If you have a really dark sky your binoculars will show 


M27 as a tiny blurry spot. A small telescope's view isn't 


much better. It takes a larger telescope to see M27's 
twin fan-shaped lobes of gas. 


Andromeda 


Andromeda Galaxy (M31)<® 

Visible all through the night during summer 
To your unaided eye on a Moon-free night M31 will 
look like a tantalising smudge among the stars of 
Andromeda. Binoculars show its overall shape, and a 
telescope will reveal dark lanes of dust. 


Serpens 
cauda 


Eagle Nebula (M16)<® 

Viisble all through the night in June and July 
Hubble took a spectacular photo of the nebulae 
which led to its nickname - ‘The Pillars Of Creation’. 
Unfortunately you can only see the nebula as a tiny 
smudge through binoculars. 
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Visible all through the night from July . 


Through a small'telescope you'll see none of 
the beautiful reds; blues and greens Hubble 
recorded. All you'll see is a faint arc of pale 
grey light-Larger telescopes hint at.the 
presence of knots and twists within the Veil. 


Crescent Nebula (NGC 6888) * 

Best visible: Late night, July through October 

The Crescent Nebula is a very diffuse object in the 
middle of the Northern Cross. Through binoculars and 
small telescopes it looks like a pair of grey smudges, 
side by side. 


Let your eyes 
adapt to the dark 
Don't start hunting for these 
objects as soon as you reach 
your observing site. Your 
eyes won't be adapted to 
the darkness until 30 
minutes after you 
get there. 


*: ’ es . 
Take it slowly 
All these deep sky 
objects are small and 
faint so it might take youa — 
while to track them down. 


Don't rush - they're not 
going anywhere! _ 


Aquila ‘e) 


Glowing Eye Nebula (NGC 6751) * 

Best visible: July through September 

On Hubble photos the Glowing Eye Nebula is 
spectacular. But through even an 8" telescope, all you 
will see will be a very small pale smudge, and even then 
you will probably have to use ‘averted vision’ to see it. 


Visible all night long throughout the summer 
Also photographed beautifully by Hubble, the 
Cat's Eye Nebula is visible in small telescopes 

as a tiny blur. Telescopes of 8” aperture 

or larger show it as a ragged-edged, 

smoky halo of light surrounding a 

central star. High magnifications 

are needed to reveal the bright 

‘lobes’ on either side of the 

nebula's misty centre. 
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Visible all night 


Canes Venatici 


The Blue Snowball (NGC 7662) * 
Visible throughout the summer 

This planetary nebula is a real challenge to find and 
see: it looks like just a pale blue star in small telescopes, 
and only really shows itself in larger telescopes, when it 
begins to look like a tiny blue puffball. 


Trifid Nebula (M20) 44 

Visible throughout the night in June and July 
Unfortunately you'll only see the arms through a 
telescope. However, a basic pair of binoculars will show 
you this celebrity nebula as a small grey-white blur, low 
in the sky on warm summer nights. 


Ursa Major 


Pinwheel Galaxy (M101) 44 

Visible all through the night during summer 
M101 is a very large spiral galaxy. It's unfortunate we 
see this lovely galaxy face-on as that spreads its light 
out over a wide area, reducing its brightness. However, 


it is still bright enough to see through binoculars. 
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M51 has a special place in history as the 


shows it as an elongated, fuzzy smudge. It takes - é 
a big telescope to revéal its stunning spiral arms. 


STARGAZER 


Summer nebulae 


first spiral galaxy to be both drawn and 
) photographed showing its spiral shape. Through ®@ 
: = e binoculars it is just a fuzzy star. A small telescope ~ © 4 
z : 


Helix Nebula (NGC 7293) 44 

Best visible: July through September 

Binoculars show it as a tiny, pale smudge. In a small 
telescope the nebula looks much more like a smoke 
ring. Larger telescopes show the knots and clumps 

Hubble has photographed so beautifully. 


Cygnus ° 


Avoid the 
Moon 
Moonlight drowns out the 
faint light of deep sky objects. 
On a night when there's no 
Moon in the sky you will 
have more success 
finding them. 


Visible almost directly overhead from July 
through to September 


you'll need a properly dark sky to see it. 


a 


Sagittarius ». 
® 


Visible through the night in June and July 


M8 would be an easy naked eye object if it 4 

was high in the dark winter sky, but low in - 

the bright summer sky it's more challenging. : 

However, under a dark sky it can be glimpsed-as a . 


a definite smudge. Through binoculars and small 
telescopes it looks like a pair of grey smudges. 


(Aquarius 


North America Nebula (NGC 7000) 40 


Through binoculars it is just a slight greyness. Through 
a telescope it is more obvious. The nebula is so faint 


: . ‘ . 
«Science photo library; NASA; ESA; Hubble; ESO; JPL-Caltech; VPHAS+ team; Ken Crawford; Adam Evans; C.R O'Dell (Vanderbilt University); 


oe 


G.J. Ferland (University of Kentiicky); W.J. Henney; M. Peimbert (Nafignal Autonomous University of Mexico); L. Rebull (SSC/Caltech) 
; ‘ : 
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Eridanus 
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Moon phases 


MAY 


0.4 1.0 4.8 11.6 
05:11 20:24 05:53 W21:41 06:44 © 22:49 07:44 W23:46 


*The Moon does not pass the meridian on 8 June. 


MAY JUN 


41.7 63.1 
10:03 | 801:10 11:15 01:41 12:26 02:07 13:35 02:31 ©14:42 02:54 @15:48 


JUN JUN 


99.5 ; 
05:08 @ 20:55 05:47 @21:47 06:33 @ 22:34 


: 97.5 
03:16 @16:52 03:40 @17:56 04:06@ 18:58 |W 04:35 @19:58 


81.6 G&S 


JUN 


63.2 52.6 41.4 


73.0 


09:34 @--:-- 10:30 00:50 11:38 01:16 12:48 01:41 
Ilumination Full Moon 
JUN JUN JUN JUN Moonrise time New Moon 
Moonset time First quarter 


19.9 Last quarter 


02:34 


111 
03:05 


4.5 
03:42 


15:17 17:55 


All figures are given for OOh at midnight (local times for London, UK) 
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What's in the sky? 


[i] Canes Venatici a 
Lyra 


Leo Minor 


F Coma Berenices Cancer 
Nee Hercules Corona Borealis “a, 
Sagitta IS 4 


Aquila 


Serpens Sextans 


\¢ 
Ors 


Jupiter 
Scutum y 
Crater 
i 


Scorpius 


{can Centaurus 
) 


OPPOSITION EVENING SKY 


Antlia 


Sagittarius 


Planet positions All rise and set times are given in BST 


31 MAY 7 JUN 14 JUN Date RA Dec Constellation Mag Rise Set 

i «| 25May  O2h32m04s —+11°40'47" Aries 0.0 04:15 = 18:23 
4 = 31May  O3hO05m00s_— +#14°47'28" Aries 0.3 04:07 18:50 
Fs} QJ) O7Jun — 03h52mO9s_—+18°43'40" Taurus 0.8 04:03 19:33 
rs fl| 14Jun  O04h49m30s —-#22°17°10" Taurus 14 04:09 20:26 
Ss =i 2Jun OSh55m00s —-+24°26'3T" Taurus 24 04:31 21:20 
25May OlhO9m56s  — +05°37'T1" Pisces 44 03:25 16:30 

= up| 31May — O1h3OmS6s_—-+07"16'39" Pisces 43 03:14 16:35 
5 | O7Jun Olh56m45s = +09°21'28" _—Pisces -43 03:01 —-:16:45 
a a 14Jun  02h23m53s_—s#11° 3034" Aries 42 02:49 16:56 
> >! 2iJun O2h52m15s_ —s-+13° 38°52" Aries -4.2 02:38 ‘17:08 
25May O5h27m43s —_+24°03"31" Taurus 17 05:53 22:36 

31May O5h45m18s —-+24° 15°30" Taurus 17 05:45 22:31 

) O7Jun O6hOS5mM45s_—-+24°20'02"—— Gemini 17 05:38 = 22:25 

@| 14Jun O6h26m04s #2491431" Gemini 17 05:31 —-22:17 

=! 2iJun O6h46m15s —-+23°59'13" Gemini 17 05:26 22:08 

25May 12h51m22s -03°54'46" Virgo 2.3 15:53 03:25 

~ > ~ P| 31May 12h50m30s — -03°50'53" _—Virgo 2.3 15:28 03:01 

ei | = » | = » ) » a O7Jun 12h49m59s —- -03°49°35". ‘Virgo 2.2 15:00 = 02:33 
P > 14Jun = 12h50m00s___—-03°51' 4.4" Virgo 2.2 14:33. 02:05 
= =! 21Jun = 12h50m34s_ —-03° 57°16" Virgo 24 14.06 01:38 
25May 17h41m48s -22°00'03" — Ophiuchus 01 22:24 06:33 
Z| 31May 17h40m03s __ -21°59'24" Ophiuchus 01 21:59 06:08 

a 5 O7Jun = 17h37m54s -21° 58° 36" Ophiuchus 0.0 21:29 = 05:38 
P > 14Jun = 17h35m 42 -21° 57' 48" Ophiuchus 0.0 20:59 05:08 
< wil 21Jun —-17h33m28s -21° 57’ O1" Ophiuchus 0.0 20:29 04:39 
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This month's planets 


While Jupiter rules the night alongside Mars and Saturn, Venus and 
Uranus are worthwhile targets during the small hours of the morning 


CANES 
‘VENATICI 
Constellation: Virgo : oo al ‘ 
Magnitude: -2.2 SERPENS P BOOTES © ’ 
AM/PM: AM . CAPUT é oe 
COMA 
BERENICES_ 


Makemake 


Ww 


01:00 BST on 16 June 


This month the night sky belongs to the king of the just two degrees away. By the following evening the to spot the shadows of some of Jupiter's huge family 
Solar System. As the western sky darkens after sunset, pair will have moved further apart, and the Moon will of 63 moons being cast on its cloud tops. Cross your 
mighty Jupiter will already be high to the south, be shining to its upper left. fingers for a clear sky after dark early on the morning 
shining to the upper right of Spica, brightest star in Also this month, the constellation of Virgo is strewn of 13 June because you'll be able to see two moon 
the constellation of Virgo. Jupiter remains visible until with galaxies. Jupiter will be surrounded by faint shadows on Jupiter at the same time. Between 1.20am 
the early hours, slowly drifting westwards. Jupiter will galaxies from the NGC catalogue, particularly close to and 2.45am the shadows of Europa and Io will slowly 
look its best around midnight, when it will be above NGC 4691 (magnitude 10.9) and NGC 4720 (magnitude drift across the disc of Jupiter together. 
the south western horizon, a beautiful magnitude -2.2 14). But as it shines close to Spica it will form a rough If you haven't got a telescope, you can enjoy 
yellow-white star brighter by far than anything else in triangle with that star and one of Virgo's brightest and beautiful views of Jupiter and its swirling storms and 
the sky, apart from the Moon. best known galaxies - M104, the famous Sombrero clouds courtesy of NASA's Juno spacecraft, which is 
The Moon itself will approach and pass Jupiter as Galaxy, which at magnitude 8 is visible in binoculars sending back lovely photos which are quickly posted 
May ends and June begins. After sunset on 3 June, and small telescopes on dark, Moon-free nights. Jupiter online by NASA for everyone to enjoy. Juno is looping 
a gibbous Moon will be shining over to the right of and M104 will be just 8 degrees apart in the sky. around Jupiter in an orbit which regularly carries up 
Jupiter through the evening. As darkness falls on the If you have a medium to large-sized telescope, this over its north pole and then swooping down again 
4 June, the Moon will be to the upper right of Jupiter, month will present you with some great opportunities towards and beneath its south pole. 
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This month's planets 


, Sy AQUILA 
a SERPENS 
SEXTANS ORNCEH Se 
. ; DELPHINUS LIBRA 
; ar : PIUS : 


yak 


-SCOR 
SAGITTARIUS? 
1] LUPUS 
\ Pluto « 
SE 

Constellation: Gemini low in the northwest after sunset, Constellation: Ophiuchus is almost as bright as Vega in Lyra, 
Magnitude: 1.7 lurking at twilight and setting almost Magnitude: 0.0 but will appear dimmer and less 
AM/PM: PM two hours after sunset. By 10 June AM/PM: PM impressive than it thanks to its lower 
Although it will be shining at will set just an hour after it. Look Saturn ends May as a morning object, altitude. As it sits in the southern 
magnitude 1:7, Mars is going to be out for a lovely, very young crescent rising around midnight, but by late reaches of Ophiuchus, Saturn looks 
very challenging to see during late Moon shining to the upper left of June it is rising around 10pm. Shining like a yellow-white star. It will pass 
May and through June. It ends May Mars in the twilight on 28 May. at around zero magnitude, Saturn the Moon between 9-11 June. 


; : Constellation: Aries 
ANDROMEDA / : j es Magnitude: -4.2 

j : AM/PM: AM 

This is a good month to view Venus, but 
not a great one. The planet is a bright 


: a / : leptune 
“UAL SMT ; a io naked eye object low in the eastern sky 


IS SS ami : before dawn at the end of May, rising an 

ee mm, _ : 3 : : ~ AQUARIUS | - hour before the Sun. By late June, Venus 
: ee ; 3 ; § will be more prominent, rising two hours 

before the Sun. Venus has some attractive 
encounters with other celestial objects this 
month. At the start of June it will have 
Uranus close by. On the morning of 3 June, 
he two worlds will appear just 1.4 degrees 
apart, so close the pair might fit in the 
eyepiece of your telescope, definitely in 
binoculars. It will be worth getting up early 
on 20 and 21 June to see a beautiful waning 
crescent Moon drift past Venus. 


PERSEUS. 


ANDROMEDA he 
TRIANGULUM . 


oe ane 


ARIES AQUARIUS 


Constellation: Pisces it will clear the horizon almost three Constellation: Taurus before the Sun, making it very hard to 
Magnitude: 5.9 hours before the Sun bursts over it, Magnitude: -1.0 pick out in the bright sky. Every dawn 
AM/PM: AM making it easier to track down, sat by AM/PM: AM sees Mercury move a little closer and 
It will be hard to find Uranus without the great 'V' of stars in Pisces. During This is not a good month to see becoming even harder to see until it 

a GoTo telescope at the end of May, the first few days of June, Uranus will Mercury - in fact it's pretty unlikely is lost in the glare. But this enigmatic 
when it rises just over an hour before glide past much brighter Venus in the you'll see it at all. At the end of May, little world will be visible again later 
the Sun. However, by the end of June, pre-dawn sky, passing above it. the swift planet is rising not long in the year, and quite easy to find. 
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Moon tour 


Mare 


Imbrium 


Explore the Moon's 'Sea 


of Showers’ this evening‘ 


Top tip! 


Observe Mare Imbrium 
as early in June as you 
can for the best views of 
the subtle features on its 


and small craters. 


One of the most iconic images in the 
history of space exploration dates back 
to 1902. In his 1902 film Trip To The 
Moon, one of the first sci-fi films ever 
made, pioneer film-maker Georges 
Melies fired a bullet-shaped capsule to 
the Moon from a giant cannon, and that 
iconic image shows how it landed in the 
poor Man in the Moor's right eye. 
Today when we look up and see the 
Man in the Moon staring back at us, 
his right eye thankfully seems to have 


floor, such as wrinkles y, wm 


healed - and we now know it as Mare 
Imbrium, the Sea of Showers. 

Like all the major lunar seas, Imbrium 
is an impact basin - a wide, lava-filled 
wound caused by the impact of an 
enormous body many billions of years 
ago. Lunar scientists estimate that 
Imbrium was blasted out of the lunar 
crust around 3.9 billion years ago, by a 
protoplanet 250 kilometres (155 miles) 
wide. One cataclysmic impact excavated 
a hole 1,225 kilometres (760 miles) wide, 
which we call Mare Imbrium today. 

Although it looks impressive from 
Earth through a telescope, studies from 
the many crewed and robotic spacecraft 
which have flown over it have revealed 
Mare Imbrium is a truly fascinating 
place. A vast mottled plain of ancient 
frozen lava, dotted with huge craters, 
Imbrium is bordered by the jagged 
Apennine Mountains to the east, the 
dark-floored crater Plato to the north 
and horned crescent basin of Sinus 
Iridium catch the observer's eye as they 


gaze at Imbrium through even a small 
telescope. When sunlight strikes Mare 
Imbrium at a shallow angle it reveals 
its seemingly-flat floor is wrinkled and 
rippled lie an un-ironed sheet. 

Because it offers so much fascinating 
and diverse geology, over the years 
several major space missions have 
landed within Mare Imbrium’s borders. 
In 1970 the Russian Luna 17 probe 
landed the first Lunokhod rover on 
the Moon inside Mare Imbrium. The 
following year the crew of Apollo 15 
set down next to the meandering 1.6 
kilometres (one mile) wide channel 
Hadley Rille. Here Dave Scott and James 
Irwin spent almost three days studying 
the Moon's geology and collecting rock 
samples, including the bright 'Genesis 
Rock’. They also enjoyed long, bumpy 
drives across the lunar surface in the 
first lunar rover to go to the Moon. 

More than 40 years later, wheels left 
tracks across Mare Imbrium again when 
the Chinese Chang’e 3 lander set down 


on the sea's dusty surface and the Yutu 
rover trundled down its ramp and out 
onto the boulder-strewn surface, sending 
back hundreds of beautiful images. 
Mare Imbrium remains in darkness 
until 1 June, when the terminator first 
touches the peaks of the Appennine 
Mountains on the impact plain's 
eastern rim. By 3 June Imbrium is 
half-illuminated and on 5 June it is all 
bathed in sunlight and its features will 
stand out. This will be the best time 
to see the trio of prominent craters on 
its eastern side - Archimedes and its 
smaller more northerly neighbours 
Autolycus and Aristillus - and the ridges 
and wrinkles on its dark floor: Imbrium 
then remains in the light for ten days 
until the sweeping of the terminator 
across the face of the Moon begins to 
surrender it to the long lunar night and 
the Appennine Mountains go dark once 
more. By 18 June only the western half 
of Imbrium will be visible and will be 
plunged into darkness soon after. 
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| naked eye targets 
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The night skies of roe are full of 


amazing sights for those without a telescope* 
_® 


See O] iuchus 


‘The Wild Duck Cluster (M11) 
Visible in binoculars, this lovely cluster * 
really does look like a flight of birds across 
the sky. Many of the stars that comprise 

it are brighter than 14th magnitude, with 
binoculars revealing a hazy spot as bright 
as a magnitude 6 star. From locations 
untouched by light pollution, Messier 11 
can be glimpsed by the unaided eye. 


The Milky Way ; Scutum (constellation) 

From a dark sky site at this time of _ Deouing tne shield thisiconstey aay 
year, the Milky Way arcs across the’ : ‘ . | isn't particularly conspicuous, but lies 
sky from north to south. A dusty . ne ina dense part of the Milky Way. It’s 
band or ‘white, elongated cloud’ e 2 . brightest star, Alpha Scuti glimmers at 
is immediately obvious to the 7 ; : a magnitude of 3.85, while its faintest 
unaided eye, but scanning it with 5 ; . A | star, Delta Scuti - a bluish-white giant 
binoculars with even a modest ? ae glows at a magnitude of 4.72. 
magnification on a moonless : ; : 

night, will reveal countless stars 

that pack your field of view. 


i a The Sagittarius Star 
Cloud (M24) 
; Visible with the naked eye and 
5 5 ‘ , mas really impressive in binoculars, 
Sagittarius ; ‘ Messier 24 is a dense part of 
3 the Milky Way. Under good 
observing conditions, about 
1,000 stars can be resolved 
through binoculars with a field ° 
R ge . * . | of view of at least 2 degrees at 
. _—® : i we . Ss low magnification. 


The ‘Teapot’ (asterism) 

‘The constellation of Sagittarius 

is famed for its group of stars, 
which create a pattern that’s not 
too dissimilar to a teapot. Those 
fortunate for good observing 
conditions should be-able to see 
‘steam’ billowing from the teapot’s 
spout - this is in fact, the edgewise 
view into our own galaxy. 
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y lum your 
telescope into 


a solar scope 


Our nearest star is a popular 
target during the summer 
months. Here's how to see 
some impressive solar activity 


Asmall telescope 


Two pieces of card or 
solar safety film 


Great care! 


There are many ways of observing 
the Sun safely using a telescope these 
days, from simply projecting the Solar 
disc onto a screen or white card (the 
very safest way to view it), to using 
high quality, read expensive, specialist 
narrow-band filters which you can 
attach to your telescope. 

The most inexpensive and safe way 
to see the Sun for yourself though, 
is to either project the Sun through 
your telescope, or use Solar Safety 
Film, which you can buy by the sheet 
at most good astronomy equipment 
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dealers. You will be able to see 
sunspots and the occasional brighter 
area called ‘faculae’, along with 
granulation on the solar disc. The best 
telescope to use is a small refractor. 
Unlike night-time astronomy, instead 
of gathering as much light as possible, 
you are trying to get rid of a much 
light as possible. Safety of course must 
be at the forefront of your mind at all 
times and if you are in doubt about 
what you are doing, even slightly, then 
please don't do it and seek advice from 
someone you trust. Always remember 
to cap off any finderscope, usually 
attached to your main scope. 

If you are projecting the Sun 
through your scope, then you will 
need to use some strong card or 
similar material to create a shadow 
on the piece of card onto which you 
are projecting the Sun's image. Using 
Solar Safety film does not require this 


as you are looking directly through 
the scope. It is important to check 
for any small pinholes or scuffs on 
the film though, before you put it in 
place on your telescope, as you don't 
want any directly sunlight getting 
to your eye as this will cause severe 
damage to your retina. Always follow 
the instructions as to how to use the 
film regarding making collars to fit 
your telescope and do make sure it is 
a snug fit and cannot fall off in use. 
Once this is all done, you can enjoy 
watching our nearest star in real time, 
seeing sunspots develop and cross the 
disc and sometimes come back around 
again. You can of course draw or even 
photograph what you see. The Sun 
goes through a roughly 11-year cycle 
of sunspot activity and you can follow 
this over time. 

However you view the Sun, do take 
care and enjoy its wonders in safety. 


The Sun is an amazingly dynamic object, 
but you should ensure that you have the 
appropriate equipment to see it safely. 


A small refractor will provide your best 
results. You can use practically any type 
of mount as well, as long as its stable. 


If you are using safety film, fit it when 
your scope is facing away from the Sun. 


If using the solar projection method, 
then use a low-power eyepiece. 


When projecting the Sun through your 
scope, don't point it for too long at the 
solar disc, as heat can build up quickly. 
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Recording your observations 


Draw or photograph the Sun with a time and date stamp to record what you've seen 


Once you have successfully projected the Sun onto a 
piece of card or have located it through your filtered 
scope, note the number of spots (or none) that might 
be on the Sun's disc and look carefully at the dark 
spots and their associated penumbra, that's the 


slightly lighter area around the spot. You might also 
notice the mottled look to the surface of the Sun 
itself. This is known as granulation and is caused by 
convection cells rising and falling from below the 
surface of the photosphere. 


Send your photos to 
space@spaceanswers.com 


Check the filter by holding it up to a light, not the 


| Check your solar filter for damage 


Sun(!), to make sure it is in good condition. 


w 


Make the most of shadow 


Aim your scope by watching its shadow slowly 
disappear the more in line with the Sun it gets. 
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Always attach solar filters you are using while 
the telescope is pointed away from the Sun. 


To prevent accidentally looking through it and 
to avoid heat damage, cap your finderscope. 


? Fit filters away from the Sun = Cover your finderscope 


=a 
= oe. 


Focus the telescope Record what you see 
Using a low-power eyepiece, focus the Draw or photograph the sunspots to record 


instrument to get a crisp view of the solar disc. their size and position over a period of time. 
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Pd 


Summer treasures of the serpent, 


“4: -7* 
. 


serpent-bearer and the hero 


Breathtaking views in the 
constellations of Ophiuchus, 
Serpens and Hercules for 
those willing to stay up late 


Although there aren't many hours of darkness in 
which to observe the night sky, if you plan your 


viewing, there is a good chance you will be rewarded. 


This time of year is especially good for globular 
star clusters. These objects, as the name suggests, 
are tightly packed balls of stars, which orbit around 
the plane of our galaxy, the Milky Way, sometimes 
at surprisingly large distances from it. Each cluster 
is individual and is fascinating to view through a 
telescope. Some are very bright, such as the Great 
Globular Cluster in Hercules (Messier 13), but many 
are considerably fainter and therefore will need a 
larger aperture telescope to be seen well. However, 
there is plenty to see whatever the size of telescope 
you might have. Start with a low power and then 
increase the magnification to split the stars in the 
clusters. Good hunting! 
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Messier 5 

This bright globular cluster is easily visible in 

a finderscope and is particularly impressive at 
medium power. At a magnitude of 5.6, Messier 5 
this cluster can be spotted without binoculars under 
dark skies but you will require a telescope of at least 
4-inches to resolve its brightest stars. 


Messier 4 

Low down on the southern horizon in the 

Northern Hemisphere, Messier 4 can be located 
in the ‘claws’ of Scorpius (The Scorpion). It is perhaps 
one of the easiest clusters to find in the night sky. 
However, to resolve its exquisite stars and its central 
bar structure, a medium to large telescope is required. 


Messier 10 

Sitting in an empty portion of the sky, Messier 

10 is a pleasant shock of extremely compressed 
stars in the field of view of telescopes. Observers will 
require a telescope with an aperture between 6- to 
8-inches in order to reveal its large, bright central core 
upon viewing. 


> Sk on “4 : +s ‘ 3 : ‘ ’ “a 
"< ee a a + sa3 Messian@0: Sa 


os 


Gumball Globular (Messier 12) 

Much fainter than its neighbour, Messier 10, 

at a magnitude of 7.6, this cluster is still an 
impressive sight at medium magnification. While it's 
visible through binoculars in good conditions, you 
will need a large telescope to see it in all its glory. A 
small telescope will uncover a fuzzy ball of light. 


Hercules Globular Cluster (Messier 13) 

The second brightest in the night sky, Messier 

13 is visible to the unaided eye under good 
conditions, with clear skies and no light pollution. 
Turn a telescope of modest-sized aperture to it and 
you'll be able to pick out the brightest of Messier 13's 
members, a red giant with a visual magnitude of 11.95. 


Messier 92 

Often overlooked due to its neighbour, Messier 

13, Messier 92 should be viewed in binoculars of 
at least 10x50 magnification. Small and medium-sized 
telescopes will resolve some of the stars in the outer 
regions of the cluster, while larger apertures show an 
oval-shaped cluster surrounded by a halo of stars. 
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How to... 


Observe Titan 


Gas giant Saturn is famous for its beautiful 
ring system, but it also has several moons. 


Here's how to spot its largest 


You'll need: 


V Asmall telescope 
V Ephemeris 
V Notebook 


If you have ever seen the planet 
Saturn through a telescope, no doubt 
you will remember the stunning ring 
system, but perhaps you never noticed 
the moons orbiting around the planet. 
Saturn has five or six moons 
which are visible through amateur 
telescopes, depending on the size 
of your instrument. These include 
Titan, the largest and easiest to spot, 
Tethys, Dione, Rhea and Iapetus. Titan 
was first discovered by the Dutch 
astronomer Christiaan Huygens in 
1655, not that long after the famous 
ring system was discovered by the 
even more famous Galileo, in 1610. 
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We now know that Titan is in fact 
the second largest moon in the Solar 
System, after Ganymede, which orbits 
around Jupiter. Titan is almost half 

as large as Earth and nearly as big 

as Mars! It is also the only moon in 
the Solar System, which has a dense, 
planet-like atmosphere as well as 
clouds. It is a lot like Earth, although 
because it is so far out from the Sun in 
comparison to our planet, its surface 
temperature is -179 degrees Celsius 
(290 degrees Fahrenheit). 

If you would like to see this cold, 
but fascinating moon for yourself, 
you will need a telescope that can 
cope with fairly high magnification; 
so larger apertures are better, but not 
essential. You will also need to know 
where to find it. For this, you can use 
charts, which give you the position of 
the moon on a nightly basis. These are 
frequently to be found in astronomy 
magazines, or of course you can use 


software such as Stellarium, which 
is free to download, or you can look 
up its position in tables, know as an 
ephemeris. These will give you its 
coordinates in right ascension (RA) 
and declination (Dec), which you 
can use to find it by utilising setting 
circles on your mount. The easiest way 
though, is to use a low power eyepiece 
to find Saturn first of all and to give 
you a field of view that's wide enough. 
Once you have done this, Titan should 
be in the field and all you need to do is 
centre it. Once done you can increase 
the magnification. 150x to 250x should 
allow you to see the moon as a tiny 
disc if the conditions are good. 

Make a note of the position of Titan 
by drawing it in relation to the disc 
of the planet and its rings. Do this 
nightly, if the weather allows you 
to, for several nights and have fun 
tracking the orbit of this amazing and 
beautifully-dynamic world. 


> 
© John Chumack; Science Photo Library 


Tips & tricks 


Use a medium-sized apeture 
You'll need a moderate sized telescope 
for the best view of Titan, but 
practically any size will do to see it. 


Acquire a stable mount 

A strong stable telescope mount will 
help keep vibrations down when using 
higher magnifications. 


Keep a sky map handy 

You can find Titan not far from Saturn in 
a low-power eyepiece, but a chart will 
help you to identify it. 


Use a planetarium software for 


moon positions 
Stellarium is free to download. It will 
give the position of planets and moons. 


Get a notebook 

Use a notepad with Saturn drawn on 
the middle of the page, so you can note 
the position of Titan night by night. 
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Finding Saturn's largest moon 
Titan will always be found near the planet, but how can you tell which point of light it is? 


Helpfully, Titan, being the largest moon of Saturn, 

is also the brightest. It also orbits as one of furthest 
moons away from Saturn, with a mean distance of 
1.2 million kilometres. A moderate magnification, say 
50x, should show you the planet and its ring system 
quite well, along with Titan, some two or three arc- 


minutes away. The moon also has a slightly yellow- 
orange tinge to it, which helps identification even 
further. If you increase the magnification to 150x or 
up to 250x - if the conditions and your telescope can 
take it - then you will see that Titan is a tiny disc, but 
it is virtually featureless for amateur telescopes. 


Send your photos to 
space@spaceanswers.com 


Check the position of Titan on the day and time that you intend to observe it. 
Use a magazine or planetarium software - such as Stellarium - for this. 


| Work out Titan's position 


Adjust the position of your telescope to ensure that Titan is roughly at the 
centre of your field of view to make observations easier. 


= Centre the moon in your field of view 


| ie | 


h 


oat 
as 


On your chart of Saturn, mark the location of the moon along with the date 


- Plot Titan's position around Saturn 


and time in which the observation was made. 
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Use a low-to-medium magnification to centre Saturn in the field of view and 
to identify the ringed planet's largest moon. 


, Use a low-power eyepiece 


Change your eyepiece to give you a magnification between 150x to 250x. 
Choose a magnification that's suitable for your observing conditions. 


| Switch to a high-power eyepiece 


Trace the moon's path 
Mark Titan's position on a nightly basis and you'll soon see its path around 


its planet take shape. You'll also get an idea of how long it takes to orbit. 
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The Northern 
Hemisphere 


Observers longing for night-sky targets to track down with the 
naked eye, binoculars and telescopes won't be disappointed 


This June, and provided you have a 
small telescope or a pair of binoculars to 
hand, you'll be treated to views of Comet 
C/2015 V2 Johnson) in the constellation 
of Bodtes. The comet is expected to 
reach a magnitude of 6.9 as it makes its 
closest approach to the Sun and will be 
visible all night as the dusk sky fades for 
those in the Northern Hemisphere. 

With conjunctions between the Moon 
and other celestial bodies in our Solar 


This chart is for use at 1Opm (BST) 
mid-month and is set for 52° latitude. 


™p Hold the chart above your 
= head with the bottom of the 
page in front of you. 


Face south and notice 
that north on the chart 
is behind you. 


fy The constellations on the chart 
| “am should now match what you 
see in the sky. 


. Sirius (-1.4) 
-0.5 to 0.0 
0.0 to 0.5 
0.5 to 1.0 
1.0 to 1.5 
1.5 to 2.0 
2.0 to 2.5 
2.5 to 3.0 
3.0 to 3.5 
3.5 to 4.0 
4.0 to 4.5 


System, including Mercury and Venus 
as well as between Haumea and dwarf 
planet Ceres, there's plenty to keep 
skywatchers entertained - particularly as 
ringed planet Saturn reaches opposition 
on 15 June. 

If youre keen to get stuck into 
observing nebulae, galaxies and star 
clusters, you will find that there's a 
modest amount to get your teeth 
into - despite the lighter nights. 


°. 
° 


e 
VINDIdINA 


snainnoa 


SQNIHd130 
wows 


Open star clusters 
Globular star clusters 


Bright diffuse nebulae 


Planetary nebulae Observer's note: 
The night sky as it appears 
Galaxies on 16 June 2017 at 


approximately 10pm (BST). 
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The Northern Hemisphere 
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Me & My Telescope 


Send your astrophotography images to space@spaceanswets.com 
for a chance to see them featured in All About Space 


cap, Griffin 


Dunedin, New Zealand . 
“Just over three years ago, a , 

new job meant that I moved - 

from Oxford in the United » Py 7 ee 
Kingdom to Dunedin in the - 7 

| South Island of New Zealand. 

=] Since moving, I've developed 

a passion for astrophotograpy both with and 

without a telescope. The Southern Hemisphere 

sky is teeming with fascinating objects, and 

it's a real pleasure to live in a part of the world 

where the centre of the galaxy passes overhead 

in winter. In Dunedin, we also get frequent 

displays of the Aurora Australis, which can 

look truly spectacular against the backdrop of 

the beautiful New Zealand landscape.” Southern lights display 


Gentle aurora and hea ‘ bt aint Meteor witha hint 
the Milky Way 5 Says * ofthe aurora 


CT 


A cloudy night over 
South Brighton 
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Our galaxy, 
the Milky Way 
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Me  & My, Telescope ; 


Whirlpool 
Galaxy (M51la) 


Graham Hard 


East aierey. UK 
Telescope: TS APO650 
“I took up astrophotography in 
2012 after soon releasing that I 
couldn't get very much detail of 
galaxies and deep-sky objects by 
viewing them alone. I imaged a 
smal! part of the North America N bul, which is 
. the main star-forming area and is known as the 
i Cygnus Wall. The wall is lit by bright young stars” 
NGC 7822 ; and partly Hidden by dark dust clouds. I shot this 
,(Sharpless 171) . region using my Atik 490EX camera.” 


- Greater Manchest 
Telescope: Celest 
NexStar 127SLT 
“Tam an estate agent and 
’ astrophotographer by night. 
I studied photography 
*_ at school but also loved 
‘physics - I was even at school with Prof 
Brian Cox at Oldham Hulme Grammar 
school. I have always loved taking photos of 
the skies and I own a computerised scope 
to observe the planets and deep sky objects. 
One of my great passions is to share my 
wide-field Milky Way shots on social media, 
where large corporations have shared my 
work. My-aim is to image the galaxy from 
the Atacama desert in Chile one day.” 


| N uae Sie a > 


Send your photos to... © @spaceanswers © space@spaceanswers.com 
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Celestron Astro Fi 102 2" 


Callisto - as steady points of light. 


Enjoy a ‘hands free’ experience without the need for a eee 
hand control with the latest in telescope technology about visible as we trained our eye 


on its surface. Maksutov-Cassegrain 
The Astro Fi series of telescopes The Maksutov-Cassegrain is telescopes are useful for eliminating 
iz are suitable for beginners, supplied with Kellner 10mm and chromatic aberration, the purple-blue 
combining the latest Wi-Fi 25mm eyepieces and a red dot finder. colour-fringing around bright objects. 
technology, which enables Not to limit the observer, the telescope On the whole, the optical system didn't 
¢-- you to control any Astro can be used with other eyepieces for a disappoint - while there is a small 
__y Fi with your smartphone wider observing experience. degree of colouration around brighter 
or tablet using the free While well into the month of May, stars and Jupiter, our observing 
Celestron SkyPortal. The the night sky offered an impressive experience wasn't affected. 
Astro Fi employs a ‘hands free’ amount of targets to test the Astro Marrying up our smartphone 
experience, some may miss the Fi 102’s mettle. As we approached with the telescope’s Wi-Fi was quite 
| hand control that's supplied with 9pm (BST), Jupiter cut an impressive intuitive. The Celestron SkyAlign 
computerised telescopes, but the sight, shining at magnitude -2.4 in technology made aligning painless. If 
Astro Fi doesn't suffer without it. the constellation of Virgo. Meanwhile, youre unsure of what to observe on 
The Astro Fi 102 is made with Mars hung in the west in Taurus, your first night, then the Celestron 
children of 13 years of age or older briefly rising and dipping below to SkyPortal app recommends objects 
in mind (although we recommend the horizon. Due to the problem of for you - a feature that will be of 
parental supervision), it's portable, a horizon cluttered with trees and particular use to novice astronomers. 
despite the weight of its meniscus houses, getting good observations of On evenings that are particularly 
lens. The overall build of the telescope the fourth planet from the Sun using cold, battery power can be drained 
is of good construction, while the the Astro Fi 102 proved challenging, so quickly and ‘motorised’ telescopes can 
aluminium tripod is sturdy, seeming we immediately turned our attention struggle. The Astro Fi 102 seems to be 
to support the entire setup as a whole. back to the king of the Solar System. hold up well under frosty conditions, 


“Jupiter cut an impressive sight, 
shining at magnitude -2.4 in 
the constellation of Virgo" 


Slewing the 
telescope 
manually is 
impossible, with 
the Astro Fi 
relying on the 
Wi-Fi technology 
to explore the 
night sky 


The Astro Fiis supplied 
er, . with two Kellner 
eyepieces (1Omm and 
25mm), ideal for ‘slow’ 
telescopes like these KE 2 5mm 


Wide Angle 


 omm fully coated 


wide Angle 
fully coated 


The adjustable 
aluminium tripod is 
sturdy and did the job, 
supporting the mount 
and telescope tube 
well. Prongs on the 
end of each of the legs 
are ideal for placing the 
instrument on grass 
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but we recommend purchasing a 12V 
rechargeable battery, especially since 


there's not rea 
moving the te 


quite painstaki 


seems unable 


ly any other option: 
escope manually is 
ng and the Astro Fi 
o function without the 


app. This renders the telescope useless 
without the Wi-Fi facility. The tube 
can be added to a mount with a Vixen 
dovetail attachment, so you can switch 
between manual and computerised 


slewing of the 


instrument. 


Views of the Moon were good 
through the Astro Fi but were not 


hugely crisp, but for a beginner's 


telescope this isn’t too much of an 
issue. We observed our natural satellite 
in its waning gibbous phase, where 
the terminator gave splendid sights of 
a selection of craters and rilles, played 


In the early 


up by the sunlight hitting the rugged 
lunar surface. Despite light pollution 

from the Moon, the Astro Fi still 
performed, making it ideal for those 
situated in towns and villages. 


hours of the morning 


we caught Mercury, Venus and Saturn, 


which were once more small and 


slightly ‘fuzzy’ 


in the field of view. 


The rings of Saturn were impressive 
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Telescope advice 


"For its price, there is an excellent Telescope 
amount of technology packed advice 
into the Astro Fi’ er 


Type: Maksutov-Cassegrain 
Aperture: 102mm (4.02”) 
Focal length: 1325mm (52.17") 


Best for... 


once our eyes were trained. Slowly 
turning the focuser, we were able to 
bring a touch of clarity to our view. 
The focuser isn't manufactured for 
fine-tuning, so keep this in mind 
when choosing targets. 


Beginner 
The following evening, and once 
instructed, the Astro Fi took us to the ‘ 
constellation of Hercules where we Medium budget 


observed star cluster Messier 13, also 
known as the Great Globular Cluster 
in Hercules. Sights were good through 
the field of view, with the deep-sky 
object appearing as a faint smudge. 

For its price, there is an excellent 
amount of technology packed into the 
Astro Fi, which allows you to keep up 
with the latest telescope technology 
without breaking the bank. It's also a 
good telescope for those looking to get 
started in astronomy and who require 
guidance in seeking out the best night- 
sky sights with minimum fuss. 


Planetary viewing 
Lunar viewing 
(@)) Bright deep-sky objects 


Families 


,. 
j 


2 

4, 
me // 
ott “c@ ~ 


The overall 
build of the 

y Astro Fiis 
good and as 
expected for an 
instrument in 

its price range 


93 


ACELESTRON 
ASTROFI- 
REFLECTOR 


Courtesy of David Hinds Ltd, you can” 
tour the night sky with ease using 
the latest in telescope technology 


Thanks to its fully-coated optics and innovative 
Wi-Fi technology, the Celestron Astro Fi offers 
dazzling views of a pleasing selection of celestial 
objects - from the rugged, cratered surface of the 
Moon and rings of Saturn to deep-sky nebulae, 
galaxies and star clusters. 

Packed with the latest technology, control the 
Celestron Astro Fi with ease using the free SkyPortal 
app for iPhone, iPad and Android devices, which 
takes away the frustration of locating challenging 
objects and allows you to get observing straight 
away. Fully-equipped, this portable and versatile 
reflector comes with an accessory tray, a StarPointer — _ 
finderscope, two Kellner eyepieces and a mirror star 
diagonal, ensuring you have ee you need 
for your first night under the s 


To be in with acl 


winning, all you 
do is answer tl ‘s ion: 


Which p) 
Solar Systemfdo not - 
have any moons? 
A: Saturn and Uranus 


B: Venus and Mars 
-C: Mercury and Venus 


Enter via email at . %.* 
space@spaceanswers.com 
orbypostto 

All About Space competitions, 
Richmond House, 33 Richmond Hill, 
Bournemouth, BH2 6EZ 


Visit the website for full terms and conditions at 
www-.spaceanswers.com/competitions 


lie 
ducati 


rhe Sun provides rg) li 1 is usec 
The M auses ec ‘ 

can be used 
t 


Ly is one of the 


and flexible, offering attractively priced courses 
of the highest standards. Students may choose from five separate Astronomy courses, suitable for complete 
beginner through to GCSE and first-year university standard. 


Planet Earth Education’s courses may be started at any time of the year with students able to work at their 
own pace without deadlines. Each submitted assignment receives personal feedback from their tutor and as 
there are no classes to attend, students may study from the comfort of their own home. 


Of paramount importance to us is the one-to-one contact students have with their tutor, who is readily 
available even outside of office hours. Our popularity has grown over several years with home educators 
using our courses for the education of their own children, many of whom have obtained recognised science 
qualifications at GCSE Astronomy level. With each successfully completed Planet Earth Education course, 
students receive a certificate. 


Visit our website for a complete syllabus of each available course, along with all the necessary 
enrolment information, 


Courses available for enrolment all year round. 


ra v fr " 


The Greatest Celebration Of military Vehicles 
And Vintage Lifestyle In The World! 


Fay ZOI7 


Y 


Step back in time with over 50 living history 
groups displaying scenes from throughout history. 


Over 2500 military vehicles including tanks, 
Jeeps, half tracks & so much more! 


Watch explosive arena action during the action 
packed battle re-enactments! 
Be in with the chance of winning this 
amazing prize by buying your advance 


tickelsonline fades! All held on over 150 acres of land! 


warandpeacerevival.com 
Email: info@warandpeacerevival.com | Call: 01258 858 448 


{STARGAZER 
In the shops 


The latest books, apps, software, tech and 
accessories for space and astronomy fans alike 


Globe 
Insight Globe: Stargazer 


Cost: £11.99 (approx $15.50) 
From: APA Publications Limited 
Charming and small enough to keep on your desk without 
causing an obstruction, this swivel and tilt stargazer globe is an 
immediate hit in the All About Space office. With all of the fine 
details of each of the 88 constellations found in the Northern and 
Southern Hemispheres of our planet and finished in a bright eye- 
catching shade, it has an impressive amount of stunning detail. 
However, there is a downside to its small size: some may 
need a magnifying glass to see some of the less conspicuous 
constellations, such as Lyra (The Harp). For this reason, this globe 
serves best as an ornament rather than an aid to navigate the 
night sky. For its retail price, the globe has a very good, sturdy 
build and the globe turns well on its stand. 
If youre a fan of the night sky, or know someone who is, then 
we can't recommend this globe enough. While it can't be used 
as an observing aid, you can certainly gain familiarity with the 
constellations and most famous stars in the night - whichever 
hemisphere of the world youre in. 


me. 

| Havnec 
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HERA. Workshop Manual 
[ASI Cassini-Huygens 
Cost: £22.99 ($36.95) 

From: Haynes Publishing 

Calling all budding spacecraft engineers! This wonderful 
manual from Haynes is right up your street: a complete guide 
to the biggest interplanetary space mission ever launched. 
Written expertly by Ralph Lorenz, who is a scientist at the 
Johns Hopkins Applied Physics Laboratory, United States, and 
who has worked on both Cassini and the little Titan-bound 
Huygens probe that it carried with it, this manual tells the 
reader exactly how this amazing mission was put together. 

It describes how Cassini was built, why certain instruments 
and cameras were chosen to fly on the mission, and how they 
work. It's packed with pictures and diagrams, including some 
brilliant labelled schematics of Cassini, and describes not only 
the design and the construction of the mission, but some of 
the adventures it had after launch, flying past Jupiter, arriving 
into orbit around Saturn, its flybys of Titan and Saturn's 

other moons, and Huygens’ daring descent through Titan’s 
atmosphere to land on the surface. Timed for publication in 
the same year as Cassini meets its dramatic demise in the 
ringed planet's atmosphere, this manual is a little technical in 
places, but for readers who are fascinated by how cutting- edge 
technology is built, or for students who are interested in a 
career in building satellites and spacecraft, this really is a book 
you can't do without. 
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CMOS imager 

ZW Optical ASH20MM 

Cost: £169.90 ($219.00) 

From: 365Astronomy 

The high-frame-rate, monochromatic ASIIZOMM enables 

Solar System imaging, but for an extra few pounds on other 
complementary metal-oxide-semiconductor (CMOS) imagers, it 
also permits deep-sky astrophotography too, making it a good, 
all-round, yet affordable CMOS camera. 

Setting the camera up was fairly painless and it wasn't long 
before we were ready to start imaging. The ready-fitted 2.1mm 
(0.08") focal-length CCTV lens was astounding, providing 
excellent camera sensitivity that enabled us to pick out more 
stars in a Moonlit sky than with the naked eye. With its 51mm 
(2") aperture barrel, the ZWO ASI120 will easily slide directly 
into the eyepiece holder of the majority of the telescopes. 

Conveniently, a waning gibbous Moon was easily visible in 
he sky, making for an easy object that we were eager to use 
as our test target. The CMOS has a 150-degree, wide-angle 
view and managed very well under the chip resolution of 
,280x960 pixels (1.2 megapixels) with a low rate of 35 frames 
per second as well as the faster rate of 113 frames per second 
at a resolution of 640x480 pixels. Very good shots of the lunar 
surface, picking out the riles, craters and their rims along the 
erminator - the boundary where light and darkness meet. 

Turning our attention to May's deep-sky targets, the 


ASI20MM fared just as well as it does with planetary imaging. 


While the images we achieved did not surpass those of a 
dedicated deep-sky imager, we got crisp shots of star clusters 
despite the interference created by the noise of this CMOS. 
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In the shops 


Cost: £23.99 ($24.99) 
From: Wobbleworks LLC 

Luminos has all of the workings of an excellent astronomy 
app and allows observers of the night sky to simply point and 
scan the heavens, providing a fast and easy way of identifying 
a wide range of planets, stars, galaxies and nebulae, without 
having to consult the Internet or an observer's guide to the 
night sky. We are particularly enamoured with Luminos, given 
that it offers that touch extra over other astronomy apps, 
including the ability to mark objects as you find them while 
touring the stars as well as recording dates and adding notes. 
Again, and over many other astronomy apps, Luminos 
contains a larger catalogue of objects to observe, including 
asteroids, making users feel that they are getting a complete 
guide to what there is to know about viewing the universe. 

If you're keen on watching satellites make their way across 
Earth's sky against a backdrop of stars, then we're certain that 
you'll enjoy Luminos' ‘hitch a ride on a spacecraft’ feature, 
which allows you to gain a bird’s-eye view of countries from 
space. There is also a function that allows you to choose to 
observe from another world in the Solar System, while a 
special feature allows you to set a similar field of view to your 
telescope or binoculars to assist with star-hopping and finding 
objects with minimum fuss - an aspect that will come in 
useful for those who are just getting started in astronomy. 


97 


Margaret 


Cd 
Seddon 
She became 
the first female 


surgeon to go 
into space 


On her very first day away from 
Earth on 12 April 1985, astronaut 
Margaret Rhea Seddon said she 

felt like Superwoman. This, she 
explained, was because she was 
able to float around the Space 
Shuttle Discovery rather than walk 
everywhere. But as a member of 

the first group of six women to be 
selected as astronaut candidates, she 
had just cause to feel like a superhero 
for a very different reason. 

Born on 8 November 1947 in 
Murfreesboro, Tennessee, Seddon 
described herself growing up as a 
“tomboy who could crochet”. She 
went on to study physiology at the 
University of California, Berkeley, and 
she earned a doctorate of medicine 
from the University of Tennessee 
in 1973. Seddon spent time as an 
Emergency Department physician 
and she completed a surgical 
internship as well as three years 
of a general surgery residency in 
Memphis. But her life changed forever 
back in 1978. 
Despite reservations in some 
quarters that women could be 
integrated into the astronaut corps, 
Seddon’s selection by NASA broke 
down a barrier that had arguably 
been in place for 20 years. It had 
been notable that a group of women 
referred to as the Mercury 13 had 
never flown in space despite training 
to become astronauts in the early 
1960s as part of an unofficial NASA 
program. Seddon and the other five 
women in the group were therefore 
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making history: she entered the 
astronaut program in August 1979. 
Her work initially included 
operating as a rescue helicopter 
physician during the Space Shuttle 
launches and landings and she was 
a support crew member for STS-6, 
the mission which saw the maiden 
flight of the Space Shuttle Challenger 
in 1983. She was also a member of 
NASA's Aerospace Medical Advisory 
Committee and she became familiar 
with aviation, communication and 
processing collected space material. 
For Seddon’s first mission, STS- 
51D, employed her as a mission 
specialist to conduct medical and 
scientific experiments that included 
studying the behaviour of simple 
toys in a microgravity environment 
and the first ultrasound of a human 
heart conducted in space. She also 
had to navigate a robot arm towards 
a satellite in order to activate its 
starter lever, something she was not 
prepared for but completed without a 
hitch. Successfully returning to Earth 
on 19 April 1985, Seddon logged 168 
hours in space and orbited our planet 
a total of 109 times. 
Her second mission was STS-40 
between 5 and 14 June 1991 and it 
was the first Spacelab Life Sciences 
Mission. The idea was to discover 


Margaret Rhea 
Seddon logged 

722 in space 

4 over the course 
of three flights 


RHEA SBDDON 
S| 


the effects of near-zero gravity on 

the human body and to assess how 
quickly astronauts could recover. 
Seddon's medical skills and her role 
as a mission specialist were vital for 
such experiments and she logged 218 
further hours in space. It paved the 
way for a hugely successful follow-up. 

STS-58 involved the second 
Spacelab Life Sciences Mission, 
which flew between 18 October and 
1 November 1993. Seddon was the 
payload commander and she was in 
charge of all science activities. For 14 
days, the crew carried out metabolic, 
musculoskeletal, cardiopulmonary, 
cardiovascular and neurovestibular 
experiments both on themselves and 
on 48 rats. NASA has recognised it 
as the most efficient and successful 
Spacelab mission ever flown and it 
added 336 hours to Seddon’s tally. 

It was, however, her final flight. 
She retired from NASA in November 
1997 and she became the assistant 
chief medical officer of the Vanderbilt 
Medical Group in Nashville. She was 
also inducted into the Hall of Fame 
in 2015, the year her memoir, Go for 
Orbit, was published. Today she is 
involved with LifeWings Partners 
which seeks to use the experience 
of aviators and former astronauts to 
improve patient safety. 
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Sky-Watcher is a First-Class telescope brand offering an incredible range of high-quality astronomical telescopes and 
accessories, catering for users of all age groups and abilities, from the novice right up to the serious advanced astronomer. 
Sky-Watcher astronomical telescopes perfectly integrate modern optical technology with precision mechanical engineering, 
resulting in designs of suberb functionality, versatility and uncompromising levels of performance. 


130mm (5.1") F/900 NEWTONIAN REFLECTOR TELESCOPES 


¢ Magnifications (with optics supplied): x36, x72, x90, x180 * Highest Practical Power (Potential): x260 Diameter of Primary Mirror: 130mm 
* Telescope Focal Length: 900mm (f/6.92) »* Eyepieces Supplied (1.25"): 10mm & 25mm x2 Barlow Lens ¢ 30% more Light Gathering than 114mm 
© R.A. Motor Drive With Multi-Speed Handset (Explorer-130M only) «Red Dot Finder »*EQ2 Equatorial Mount « Aluminium Tripod with Accessory Tray 


PARABOLIC REFLECTORS — PREMIUM FEATURES 

Both the SKYHAWK-1145P & EXPLORER-130P models below offer excellent all-round performance on 
The Moon, Planets & Deep Sky Objects. They feature premium quality Parabolic Primary Mirrors to 
eliminate spherical aberrations, producing even sharper, higher-contrast images which are full of 
detail. A “Paraboloidal” mirror is ground to a complex shape which brings all incoming light rays to 
a perfect focus, on axis. in addition they feature 0.5mm Ultra-Thin secondary mirror supports, to reduce 
diffraction spikes and light loss. 


114mm (4.5") F/500 
PARABOLIC NEWTONIAN REFLECTOR TELESCOPE 


¢ Magnifications (with optics supplied): x20, x40, x50, x100 
* Highest Practical Power (Potential): x228 
* Diameter of Primary Mirror: 114m 
¢ Telescope Focal Length: 500mm (f/5) 
pplied (1.25"): 10mm & 25mm 


Shy at Night 


Explorer-130 Model 


¢ S © Parabolic Primary Mirror 
© 0.5mm Ultra-Thin Secondary Mirror Supports 
* Red Dot Finder Prod.Code 10709 
* EQ1 Equatorial Mount 
« Aluminium Tripod with Accessory Tray 
© 125% . 


EXPLORER-130 
(Without R.A. Motor Drive) 
Prod.Code 10922 


Explorer-130M | instrument livered 4 
ieee \ instrument certainly delivered in every important respect 
Model illustrated \ BBC Sky at Night Magazine ; J 


EXPLORER-130M 
(With.A.A. Motor Drive) 
Prod,Code 10713 


5 Supplied): x26 & x65 

ytential): x260 
130mm 

650mm (1/5) 

Eyep s 4 (1.25"): 10mm & 25mm 

¢ Parabolic Primary Mirror 

°0.5mm 1 Ult ra-Thin Secondary Mirror Supports 

¢Red Dot Finder * £02 Equatorial Mount 

¢ Aluminium Tripod with Accessory Tray 


. * 30% more Light Gathering than 114mm 
lass of ob ect ve viewed could ai 
\ 


Taking everything into | 
f account, this 1 olescope made observing 
| the night sky enjoyable... great views | 


oupled with ease of use i } 
* BBC Sky at Night Magazine 4 


COMPREHENSIVE COLOUR CATALOGUE with 
Full Details of our EXTENSIVE PRODUCT RANGE 
“I have used a great number of as well as Helpful Information & Advice 


telescopes; some are good, some 


mediocre and some bad. To me the , : ) 
Sky-Watcher range of instruments Order Your FREE Cony Today ; : 

B are very good indeed, & suited to “A —~ 
amateurs of all kinds - and they are / | was most impressed by the views revealed by the ‘scope mn 
not priced out of the market! d Despite a phase ¢ ercent, the 
Excellent value. loon revealed a s ¢ 
Use them and enjoy them 7@ detail... Highly recommended! 


Sir Patrick Moore CBE FRS (1923-2012) \ Aatronemy Now Magazine _/ 


Our Products are Available from Dealers throughout the UK rovL Please contact us, or Check our Website for your Nearest Stockist 


OPTICAL VISION LTD istri - 
OPTICAL VISION LIMITED Importers and Distributors of Sky Watcher 


UNIT 3, WOOLPIT BUSINESS PARK Astronomical Telescopes, Helios, Acuter, 


WOOLPIT, BURY ST. EDMUNDS www.opticalvision.co.uk Barr and Stroud Binoculars & Spotting Scopes 
SUFFOLK IP30 9UP www.barrandstroud.com and 'Zenith' Microscopes. 


